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tKe 8 Ktteir t» trails prt faster Patera ftiititaamafltt far 

bis lavtlaabla astlstaaea Is tkft tMsta aatf tliir<Migb»nt kli fifidaat* imiNNnr* 

Bit taipmiag pimsaea m& talaabla saf0ast1a»t ara patafallf aafcaa«ladg«i» 

Tht aatkar fa ta Hr p«K« Kalkar* Oltaetaa* IiMflaa 

laatltatt af Vealiaalagirt Kaspiif far ftta latara^t ta thlt a^rk* 

tiw aatl»r la axtfaaaly ffalalal ta ov M.9« ^astxf wliaia eaepaf^ 
atlaa aad aaaaaragaaaat aantriaataS prtatljr ta thm af this itarlE. 

TIteafti tra daa ta Ov 0.C« Qpratt far naair lialpfal Blaaasslaas* 

Tba aaattaaaat aaa^rar^igmail af prafataat JF. nakaatf thraa^^MWI 
tha eaaraa af tMt «ai^ fa ftatafalli' aalcawlallgai. 

Tbai^a ita 4m ta M/a. fJk, ffartgraattf laaakfvpp* S.V.I. %at«f» 
t.f. lagaaaaMliaRt S.D, ftadap* !!.«• i^ialiaat T.S. Saaaaat P»B. taa# 

Eira. B.B.N. Itaa, o.t. iai« T.i. srlafvafiia« B.f.K. CMaaiarl aad !;aiii#a|ihi 

far tMair iataraat aaf amaKtrafaRaat ta Mr. A.A. Itaa far tfplag ttla ttaall. 

Tta aattiar ta tbaiBtfal ta Or. if .A. Maraataliiiit i^pNMStraaaiff Olrlalaa* 
Bkalita Ataata iaaaarak caatra* MaadHf far tta aipaatraaiMailaal Mitrals af tta 
dafMNi arjratala. 

piaaiailtl aapiiart fran tta Caaaall af Safaatlfta swi lailaatrlal 
Raaaarali* ladita la frttafatlf aalnaialaiiad. 


( K.f. ?$aMMi laa > 





Iv 


ctmmm 



% 

Fafif 



a 

C8M‘tSt 



I 

iMtvititeiiliK 

t 

U 

fhioyf ^ pMr«i»9aetl« ttwtmNHMi 
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firaiBfMItft SBIMIBlBleB 9t 

oopBi it fiB^Ai(!!e^>2a3ii20 

SO 

If 

tl««lf»ii fBraaasiMtiB St«4t«i «t VO 

INi|MMi !• iitlifl mwaliii ^illlaii fAm Sligl* 

GryttBla 

80 
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StaatirM VavaaaEiiietle ftBitiiMMiB Stadia# «f VO 

OiVMi l» Kl&i lad CtMOji Sfagta Ci^irai#!# 
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fl 

Sl#«tv»a variaiBBatfte K######## Uwtim «I 

VO^^ OilMid la i«^3« Bad ftaCfiQ^)^ 

Slifi# i^vialt 

01 
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Xlfttxaa VaripaoBatt# idttaaMM Stiaif## aV 
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fu iN^itoi la SMMiatiHi §Amimm Maa Slaola 
erfttat#^ 
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1M tii« rwMHt tlwfv kiit !«•• • «iiuii«i«rfdit« «miiit 9t 

«aqprtifl«t»ttl la tiHi fl«l4 •£ •taatimi pttaai^ptMa i«m» 

««ii«i CHH} la foll4i« imfmtpime9 mmust tlie matartala lafvati* 

fatad »«!• bM» tka ^agla aaftta# aaatalalag tka vat^aai laaa «f tiMi 
Izaa fvaap. itt aalattvalr tai^ fav faiaaiaiaaa al tka iiata«»lar faa 
t« itagia avyttalt kt«a kaaa sapanaa. Tka tepartmca af at a 
{kaaaiifigaalta laa tiaa ia tka fast tkat it kat mlf a atagla 3d alaatiaa, 
vaaatHaf la a tpla af aad «iIt laa papalatad zaaaaa Mtatsf latala at 
all taaparatavaa, Patwapiatta mwmmm ^ tkfa iaa wttk tta alapla 
awittf lavat •tiaelata vm aat aa a asaitet ax^fliMatal taal fav vavifjias 
aaf tlMaratioal aiAaatiitlwiait 1%a divalaat aw^juiaia «ditk tta 3d aleatraalt 
aMifIjiamiaa kas tka ffvaaai al«ta 3$/^ fiklak la aaaffaatad kf arfttalliaa 
ala^vla flalda ia tka fltaf af^« It kaa* kaMtaeVt laaa l>«aa kaawi tkat 
a laia fiald apllttlag af tkla atata daat aaaav. Sa ika paraaaipiatta 
raaaaaaea data af tkii |oa aaa pravtda aadkil lafavaiattaa vaiaftfiad tiM» 
aallttiaf a^ tlw s» atata laaa ta affatati* 

tiM tkaaii diHHivtkaa tka taaaavak waiii daoa kf tiw aatlwf aa 
tka alaatiaa fiiaraaapiatia cawaiaaaa af 13 ia aonaaiaa aad pataaaiaa 
ilaaianM al«aii« ia aatkfl mmuim ffiiiiiai («AU) alaa« 10^^ ia 

2<f 

fwtaivliai aad aatlaa aitvataa# Id la iaNiaidl«a fiadlaai aad kavliai aitvaiwi 

imI m la aMMHitaa alaataaa alia. HI tNaa tfttmm kava kawa atadfad 

ia tka fam al atafla arfttali aft? a al^ taapavaiara vi»fa Ctcxfa ta«ldd%l 

«id latavaatlid taaatta kaai data aktalaad aa tka affaat af aikstitatlaa 

3a 3a 

af fwvaaapiatla iaM Id aad la aa tia atvaataiia af alaat lad ijkaat tiM 



n»l«klos 9 t |o« 111 tiHi iittfam. All tit* tp««tr« tflaeutiml t« tli* 
tittali Itsvs Nnni olitaliiti for tk« fimt iliMi. 

Chapiat 1 Qlv«t w iaifodattloat to Eftt. Tto ttooff tlio 
•XiHirliHHitBl ««ts]i oaod to tlit j^rofoot foToatlgotioiig ore brfitflf 4lo • 
ettsaod la ci^itor !!• 

Ctaptoir HI <iotefilMia tto IPS ataUlta of loa la amnoalni 
mi 4 potaosltai aliMlaMi aliMif eiaglt erystais. Ja botk utryitole It la 
otitorfea tliet ¥0^* lot aaliatt total for aa Al^’*‘ loa, aatf forat « [fOCHg®^] 
^plex foiaiaf t ilitortod aelalitwiroa irftli oa 1^0 toeaaey aloag tiia 
f^O lioad atraotloa. tlia oetd^alfaroa aaoi ara foaad to ooiaeida wltfc tlia 
etystallegreplito <|0&> mm iaileotli^ ttet tto pfasoaea of ¥0 rotatta tta 
aotiiMdhroa aias aa at to eotaelda wftli tha oryitolloffraplile ^Gaa. tlHi 
foroatioa of ita tmalfl poatiftfaroto eoaplmt hai iMiea eoaflxaaai bf tililBg 
aa aptleal absotpiloa apaatriM* Wf aorraletlag ttMi BPt ma aptleal abiarp* 
tiaa tfata tiM ootaiaaey rotas of tnaatas battMHm tba vaaadliHt atOBi ar^ 
tha a^sltaiHlial Itfaiait sad boiwiiHi tbo vsaatlaii atoa «mI tka vaaadpl aajffoa 
koYt baoa aatlaatii. 

Ckaptar If 4aiorlbai tba IPS stadias of VO loa la MAO alaai* 

Aa aaatSoaad i^ovot la ibis sfotaa also, ¥0 loa aabstittitaa tha trivataat 
liw @ 1 ^'*' sad fotiis osaq^laif a dlst^tad oatahadraa adth 

aa vae&asjr alaof VO hoad diraetloa, fiaaavar la this easa tha aota* 
hadraa ealilo aaas sta faaad to ha dlsploead frea tk# arjrstaliagtaphta <100> 
aaaa hf ta iImi [lid] plait, tha M rasalta sagftst that tha hast alia 
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3a 

l»f»lNibt]r ti liittei Kkm pr^tmim V@) tut tit tli« ««t«» 

M41W3 mWlt iidt ^ ilMHif t* irm tli* ttyttittlftiraflilft <1IMI> ««dli. O^ltvl 

«»aflni tlHi t&m^ttim mt «iv»}«ii^ 

rat«f fcevt lMi«i •sflwiitfi m t« tio •«rtl«r «ii«i fef fi»irr«l«tfiii tii« M 
must 0iptf«il « 

Clifttf f 4tidtt idtli Umi St •! iitt l« isiwitfiii 

mmi Httrst* Saqoi tmtptrutmp . tkad 

2 * 

th«f» it « vtty f«ti mi tS !«»• i« fe«tk effittlt* wkifili ft 

mm&immtHt la tka pmmwm mi » aiiislt attat# tliaviigr axlilbtttiif 

a law fttpHta** ll^lt Itk0* m law fMipatatttrat m inSiAtttpie 

2 # 

iimatfaii Is At* t* tiMi hla#tv«i ratatiwi af fO fa». tlw lt««* 

i^atlis at mm taaiiaiNitita ait faaiMl %« atfiawl as tiai a*<**'*^*k aaaiNMr 
aart as atlMi|»l la aada ta fit tlwtwi^tli 4ata at tka fiasaat ata# la 
tiHi iiMiaratlatl a%aaailaa at Slaaltaa. Xi ta fatal ^at Kliattaa's 
tliaatf am «paXit*ttfalt amtila ika mtatiai fattatiiaa at llaawiitk'M^it > 
aaaXaav mimmvm mmimw «| bat tm lata aaall aat 1 m» fit 

mmtItatIfaXf tata tba ilaaif. 

24 ^ 

^ui|»tav H laala aUb tba im aialiaa at le la amiaaiaB» aailm 
aai bratlaii alirataa. sm la tl» faiat*^aa aal aaataai attista atfaiala 
m taattapla aatal la ainalam at tarn tanmaata)^# la mi tfeaaa arjratma* 
Ai tit taapat*!*^* I* laatial miiatiaFia mamta tta aitatatl mimi la 

24 

aftla hmmm at lit ilaiaiil catatloa at W laa la tiuMa myatalt at 


laa lamaraimat. Yia at ailai tit ilalafai yatatiaa tata lit 
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£wm 6£fai«l * «*20^ • * 19^^ md « vasi^etiwtty 

i» Ha inNI «fyatals. A mmptatiwm of tho prot 4 p« 

ira rotitlts y| th tl«a« of is la awl CiMO^ ta aaia aWI tko attaltc 
•ra mm^B94 la talatloa ta iNi taeoBtlf rafortatf taw taaparatofo i^aaa 
ttaaalttiaia ta tlaao ««ysttla» Jl f«oa«i»la i^ato tyaotltlwi WMwaa * 110^ a 
ta CilR))j| If wasgoftai. liitt aoRpiartawi alaa tatfiofta tiat VO ioa 
pfoltaaif oatara tatatatitliltr ia iaCi^>2 ^ mi aal»itltatSaaatIf 
la Naiio^ mi 

Cfeaptar fXZ tfaatf wHi tlia iPi ftaaiat af Sa^^ iaa dapad la 
aMaataa ataMtaaa alw ^agt# atfftala* At law aaaaaattatlaaf af m 
m laatvapla MXiat la iH^iiiaatf ladlaattai twari^ tAat tAa aita tfwaatrf 
at ia Iaa If aaita. At iloliar aaaaaatfatlaa aa airtiarlMiiiila tpaattaa* 
fill fta a-aalf alaag ^atatltfrai^la <ttO> iltaatlaa, tapttiaitiaaai aa 
a Inrtai laaaaaftaa It udM^itaai* lilt i^aatraa ta im ta ia wifali taii * 
tlttttat {m^}* mi tata aaftaSatai with a flrat aal#haat aaaaafiBi foa 
fataaaf alaag <II6> itraaflaa* tha (Me mm af tka aataiiaiiraa af 
fwtara m»mi aft ftani i# afiaetie with tha afftlaiiagfipfela <I00> 
mm taitaitlaf that tha ^raaaaaa af ia"* i^ehidily mataa tha aatahaiiaa 
aaat aa af ta aaltalia with tha teyatallafraMa mmm 

tha itflavaat eheptava la thia thatfi ava wtlttaa aa aa ta ^ 
Mltidila itr pahltaiilaa •• avtIalM. fhaf aaa aalf aaatalaei mi aatf 

thaeafara raftiltlaa af aMala ^lafi fcaa tMaaaa waavatiahla 
la a faw pla«aia ta the thaala* 
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Aft«r tlw dcvslopmi #f t«ehi,|(|aet is «i«roiifiiW fMUiratioii imuI 
4«i«etioii, •laetroa parintigaatie r«soiiaae« hm i fnmrtal tool of 

rofoari^ tvx iofostlgotlig tin low lirlog ^loxgjr Itvolo tmA tHo of foot of 
efjrotolllM fioldt on tko onor^ loiols ^ poramsoaette Ions tn oolttfo* 
Parttiignotlia ooeoff oltoaefiv • vfHm ^ ohur^oa lias a votaltant angalsY 
aioRontaii. Iliis ai^lar Is #to piastljr to tlio oriiltal sotlow aad 

pastlf to tlio Istrlnslo tpim aottmi irttli o«oli of wkiok Is assoef atoi a 
wafaotto Olpolo ataaiont* Sadi foraai^otfMi of oloetrooto orlffn Is foaoA 
in Ions havlnf partly fillo4 tiinor olootroato sholls as ta tho traasitloa 
oloaents. 


Elootroa paranagaetie rofoaaneo oosslsta in obsorvtwi tho 
traasltioat taking pisao tNitwana tfto oloiA^maie ZoonMt lovols of a para* 
aagaotle systaa aa^ tko iaflaooeo of a portodfe aagaotte flol4 of 
rosoaaaeo fvoga^aay. Iho wotkog eaa bo lllnstratod la a alaplo way at 
follows. If a froo ioa with a roaaltsat ai^alar wowoataw 3 to plutotf 
la a wt^aetle f laid 8» ikoa Ita oloettoalii onorgy lovols aro gtata hf 
^ « f p8 It idMro f fi tko iloaili*a g fadoft p Is tho iokr oogaotoa aad 
i Is tho eeniioaoat of 3 aloag tho aataatio ftoli dlrootloa. If aa altoi^ 
aatlag of orowavo flold of fvoipioiey 9 to d^pllod nt right aaglos to 8# 
aagaotle dtpolo traasltioat aro .^.llOieoi aoeordlag to tlai toloetloo ralo: 

A M « o It sOoa tho gooi^«o ^ oaori^ applIoO U-9 « boosMoa ogaat to tho 
OBorgy lovot dlffotoaet homoi otijadwt lovols l.o. ly • w f p 8 
idioro ■* « i o 1. Kaorgy will bo absorhod froa tho wierawavo ftoli ^'hoa 
tho spla of tho oloetroa la ftippad froa a droettoa parallal to tho 
Ofagaotte If old to that of osltparollol diroetimt wad tbsro la aa laiaooi 
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fulftlo!! e«rr«tp«wil»s to tmmm fX9em$» i«wi tlioiigh bttk tU triiKtl* 
tiMig ktifo tlio toMf a priori pfoba^tllty* i» « syatia at tkonal 
tk«r« «llt Iw ft m% ii»MrptlM «f keomse of Ui gr«@t«r populattwi la 

tftyier itfttft. tbl* roiwBMiftft om bo ^ tlo lot* of mmtuf 

itm tfcft iilerftwftfft fi«ld i^leb oanstt a «f tiMi tftMMl etrenti fa lAilek 

tba paraasgaatle lea Is plseed. 

tlift spftftirnii ef ptersnsiaatle lot «ilt«a plae«<t la s ei^stal latttet 
Is mm9 seaplfta tkiai tkst af Ike sli^lt «aiMip|« daterlbad akeva. If th« 
par«i«gaetle lea Is plseed la a crystal* tiara era straaf laiaraatlaas 
kataaea It «wl Its sarraaadlafs. Tkasa lataraatlaas «ra la «ala, ef twa 
typftf Cl) lataraetlaat kataaaa tka aagaatle dipolat mi (If) fataraetlaas 
kataaaa tka parsaasaatle lea aad tka dlsstegaatla aaloMiaari* fka litar • 
•atlaa katwaaa tka varlaas dlpalas Is set af aajr slipiffle^aea kara as It 
aaatrlkatas eaty ta tka llaa kcaaClMilas af tka spaatraa that Is aksatfai. Tkta 
iatafsatlaa ess ka raiseid affaallfatr ta a saatt v«laa bf aalag aiystals 
4ilala< witk as Isanarphaas 4lafta|aatfa salt, tka fatarastfaa af pat«ifigaatl« 
las Mitk tka CUasagattle aaigkksars Is tka siala taple af fatarast kata. 

I^tsa ffasagaatle aaigkkaars eailsi *li0«a4s* sat ap strain iataraat aleetvia 
fields at tka sita af tka panaaipailis lea. Iks affaet af tkis atfstftitlaa 
ale^rla field Is ta *<(aaiiek* tka arkltal isatlaa af tka alaettaas af tka 
parasafastla Imi. fils tpaf^hlsg af arkltal sagalat sieaaaiaii eaa ka eaaeatvad 
ififtBtiiii sMeksateallf as faHaiis « Ika «rfstalilaa alaattia fields split 
tka aatrfy latals af tka pstsaapatte lea lata a aaidtat af asapaiMati. Tka 
•aPaf af sw^ ftsapaasats sad tka m»m% af apitttlag l^paad arttfaallf as 
tit spaetiy Pd straagth af tka Held, fis tka ttswltlaa isatal aaapaaads 
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•f imm §imp triitr* tft aitfllltd M wklek wm 

t0t the «l tiMis* t 8*t ticket If «iip«f«A f ilM 

erfstktllM ft*I4« Hw carfHalltat fl«14 ti tk«s« ompmii^f It wtdwatk 
tir«tgtli ktf »9 tiam tlw * ovHt ctiq^llBg hm% tBalitf tktii tk« 

QOitItKA kttiHMii tlw St ftf tkttt Smt tkt erfsttlllnt 

fl«|4 raiiovtt tk* 07111 f«| 4tgaMt7t4Qr »f thm tn«rgf l«v«|f tltlittr pattlstlf *7 
ftMfltttlf, te Its t|im#tif« tkas ^mtiilag tlit «rktttl ntllta eltktt 

ftnlaiif 07 6<MR|it«Uilf. 8^««7 ilHi tlettTgtle tpla iditli itt tomipemliaff 
■aQMtie atiMBf ktt at 4t7iN4^ fattrMtlaa aitk tk« tl4wtrtat«tie nM 

TtRalat fftt M tfitat Statif ta an tMfttTaal atafattle tkut tkt 

■agaatle fftptTtlta af %ht salts sf tkt li^ 9 f»sp etfratpsi^ ttHttaatlallf 
tt "tfia tslf* Sttssetisa* iPiaiPtlt wkM tks SfliHiiHllt ttaptlas It tselwlMl t 
tkt «Mi^ l««ilt Hill kteitit sMiltaTfS sf tkt ttktt tTkltal ttatts aai 
tkta tka aafattle f7apaitlat af tlwsa latals wltt Savlata itm tka tfla aalf 
aalaat. la tka rara aartk gsai^^ lAsta tka wiftllad alaatTwila tkall it tka 
lamt 4f tkall* tka iatarattiaa al Iks atfttalliaa flali a!tk tka nagaatle 
laa If aia^ last. Tla ft 7 aaafM»tlai sf tkata Imt it elaat ta tkat af ftaa 
last is a Itftt if^axlaatlai. 

Oaa ta tka ^aaefctss af ttkltal aagalat Me a aa tea af tka fata* 
aafiatia Imi fa a tffttai* tMi atlittl sf^ralar mmmtm af a tiwi laa ati 
tkat af tka laa ta a affttai ats ilff^raat la tka staaai atata* At fart * 
■tfattia tatMtaaa it aaaatlf vsatflatai ta tka siaaai ttata af tka iaa* 
tka flofalaa aktalaai kata atti la #ffafaat ftaii tka ftaa laa g»valaa« 

Alta tkt aasaltiMia af tka atMtai part af tka aapHitIa mmm% 4»pmt* aa 
tka affttai Mtl4. Tklt at II la Hffstaat $$t Slffaraat Sltaetlaaa af a 
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iMl tkoift m flMi0u|«r vtrlatlMi ftllant tl« »{ tli* 

Th« tdtel f*valu« CtjptR ptlat aiHNlt) Is tluis missitiople ts Umi nMm% 

Slsptnds M tRtt si8pilt.i^« sf tbs sfMital i^»tvll^tai t» liis «8fiietle mmmt 

ms& m tbs asimstf}’ sf th« erfttal ft«l 4 . This antsstrsiife gKv«t«» ««i be 

4 ts«rllMMi Ilf thtm prloetfial vsittsi afs nsscsriid itt ikvaMi 

pftrptiidtealsr Sttttc^lttss and inslniln tlw nmcbini aiwl alninttai talwnt. Ibis 

2 22 22 22 

g*V8las ean bs wrlttan asf fibnra Ct,a,n} ar« tii« 

dlrnetion snsfnti »f g nltli mipnst ts tbs prfneipal «mt «lf g (x»y,nK 

In saltt «^rn tbn ftowNl stats Is an nrbltal slnglst with 
a naltlplleity nara than 2 In thft spin « * 1 «r aora) thn daftaaraef sf tha 
spin itaals ts aftsm Ilf tad aaaa in t^ adNwaat af axtasaal angaatia flatd. 
la tha pmsaaea af thast laittal split ttaga tha leaaaa aaatfjr lata Is af tlto 
laa ara aat aqaalljr spasi^d and haiaia tha dlffaraai traasttlans ( Ai «> 1) 

will mmt at diffaaaat ffa<i^aeiaa» is tha spaatraa aasslsts af 31 ttaaaltlaaa 
and this ts aallad tha *ftaa sttnatara* af tha spaatfaa. Par axawpla tha 
groaad stata S’ af splits la t <»hlc arpstalliaa flald lata a lasBsf arbitat 
siaglat and taa higher lying ttf plats Cf| tad If a mall awlal flald 

It alsa prasaatt than splits Inta twa Kranars daablata. Oaa ta this nara 
flald splitting thma flaa strai^ara Haas «ra abtalaad tii tha paraaagaatia 
rasaaaaaa spaetnsi af 

If tha aaaimt af tha p^wagaalla Ian has • spla 1, than 
ta tha iataraatlan hatnnan tha naalaar stog^stla nanant mA alaatraaia nagnatla 
nswaatt aaah af tha alnatfaala as^tfr Hfals i^lits lata iM * 1 } aanpaaanta. 
iinaa aaah flaa stmatara llaa #ltta lata a I) aan^miiiata* this It aallad 
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hfftttrflm sinielaT*^ rer t.li« wHcsIcaif tpfa df vasadlm is 7/2 snd 

li«sci« aaoli 9f ilk» tltrM flm itmetur* tyaaaUtaas sptlta f»t« «f0t k^rparflntt 
Itsat giviaf • M Urn for 1^* ia adal 

Tb« r«tolallt»s «f tkt Ila«s of a patMiagaatle r«i(MUiie« tpteiimn 
It tialiai lif tiie of tl» lint* thansftifff* 7k« two n8|«r ««as«t far 
tkii U»«idl<iltk arw (I) tkt spl»#laUiQe lataraettoa l.««« tkt lat^fnetiaa 
katwtta tlw p«raK8iflat.fa loa aadi tke lattiaa md Cti) tk« spla • tpfa 
latatMtloa !«••# tka fataraetlaa ketwaaa tka varfoas partaanaatie laat 
ikantalviM, 

Tka taapa af tka ai^liet tioa af tkit rataasaea aatkod la {itfsiet 
It fltsa kalaw. 

I. Ika lawait ataetraate aatrgy lavala aiti tka raatniaaaa 

•l^atriwi art axtfaaal 3 r saasitlira ta tka aavIraiatHit af tka paransigaatla 
laa ta tka arftttl, tka tpaatraa laagr tinii firavlta lafanaatlaa id^t tka 
ajmmatit af tka aarvatatlaga af tka I mi aid akaat tka aatara ati atraasttk 
af tka kawttag kttaami ^a Imi aad tka llgaadt. 

3« tka atwilf af ta^aai^iwfttle iaiit dapad It altitt atjratala katltg 

Iktat irttaltlmii oaa ptart^ aatfal laftatatlaa tkaat tka aatara af 
tka ^aaa trataltlaat* sitktrta aakaaiia pktaa ttaaatilatf aai ka 
dataatad If &t» 

t* laftrttttwi it tkt Mattie af tka tartaagtalla lat tat kt aktitaad 

If tka tawMi^iiaa ifMittvat aaaalsta af kjrparfiM sttaetara. Far axatplt 
tka mehtm attt miI ifprtxltela v«|ihis fi^ tka malaar amii^fa dlfMila 
tMi alaatrta ^ndraFata aotaatt emi ka faaad. 



T 


tl* ®f fiafttaix ttfaetur® «al|«i 8«|i«rk|^@fftn« gtrueinr® 

will proYiiig agwfttl fafoxw ii«Ni ®b tk« e»vat«i^ •£ th« parwtigwttl® low 
is til® lattfe®. 

5* OrtOTT aottdiliicwis tto rwtottflwi®® 4ni« ««f Ini wwqr 

!■ tINi tolk froptrtfwi ©f tk* eryttalf eiMitai»lB§ pafaMufMetie 

ioiit, f«r axanpl® tit© •ageri^tlkitltf awd tiMieift® ktat* "niif If ©tptelatly 
iniw «t mtf 1«H tawpfrftitvwgc t^a mm |»rop«rti«« ilapaad oaly m tli« 
aaergy latalt wltlila a tmt ©f the freaiid lavwl ©a tli»se Itvelf 

v©faa«ae« mtheAt* 

Slstt tkt wtdtli ©f tk© idiiorptiaa Ila«f tf©p«ad tiM tpla*lattfe©» 
tiM •pla.tpl© ©id ©aekaag© i©«tfi©tio©t« tk© rat©©®©©© ©lAatra© glvw© 
laf«i»atl©a etsoamlag tk«f© 


1kl» ©iia|it©v If kat«d ©© tk« follVMlag kaaka mi r©«i©ir ©irtlalat. 
I« 1. L©« • Parasagaatl© K©f©©itiii© la •©ItdtCAsadcttl© pr©f«,il©ifT©yk 
©ad i«Bd»» 1%0). 

2. $• A* Al*tMNil«f and 1. B« pgraaiagwetie tctaaaa©© 

(Aeadiwtte ¥«ric and taadMi IBidl* 

S. B« ditimay igad K, ii«. B. it©©©©© « iafortf ©n prafrata ta fdiytlet 

m Cl^K 

4. !• 0, imam and 2. Oiiii« Bapart© «■ Pragtwit la pliyfl©© J^«20| U485), 



amm si 


warns m iuciKai mmmwm ammmsM m 
mmmm isimt* ttm or isoit mm 





tlM timvf of oloetxroo foroRogiiotio irotooMoo of tr 8 tttttl«Mi 
«tlil loo« dof^ In sti^lo exirttolt Is ilofoloiMd. k Inriof ftiseossim 
Is |»roso«totf 00 tlio erjrstollioo flolds, toi»-A«tllto»l«i fomaliss* 
ft»o stfuetoto* kffMirfiiM stvoetoro, softorlijr^fiiw stioetoiro «»id oooa* 
lottf^ offoett* tko otsooilol foatorot of tko fastvonoat asoO ia tkoao 
lavostigailomi mm kvlofljr dtterlMl* 
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Tilt tfiiasitiM m%n ims •£ t»» twa ir<wp la tlieir dlvalaat 
or mltivaloat iatie ititoa te to fh« oleetroalo eoafignratfoar o£ t&« tyi* 
CAT £»ro)^® 8tf* < a » 1, ...10) la %m aafllloi tioll Is aow tho 
oatoiwost siHill. piw this roosoa, tfco orMtal notfoa of too M oleotroos 
aro stroaglf iptnavlMOl 1^ tito otysttllliMi Hold md oaorflos of iteo ofdor 
of lOtOOOeaT^ ««• oosootf-to# wltli tlwf eooplli^ of tho orOlisls wltii ifcf# 
flolO. Vm orystallim fioli it oaoiilotolf oxtora?’! to ik# too oaf fcot 
a doftafto sfMaotrf. Sy fcao«dl8§ tlilt sjnaoitry aai ky aalaci groap tkooryt 
It la possiaio 10 protflet tbo spllttlag of tha oaargy lowls aaO tr^taa* 
foraotloa propoctios of tko olfoafaaetloas roj^osoatlag tit statos. 8tsod 
oa oi^rl«ottal iatt tioso ofystalllao flolds art lato tiroo 

olssaatt 

Cl) Hoik flotOtf la ailoi tit St»xft aplittiBgi art Miall eanpafod 

to tio aopotattoa kotBOoa tit tpl»*orilt miltiploti. Tioso ooeor la 
tit oaso of tato Oiftk toaa wioro tio aapalrod f otoetroas art 
iilotOod if tiui oator olootroaa. 

(It ) loOlaa ltotda» to ailti tit Stark tpllttlaga aro of tio aano 
OfOot of Msfattwlo as tio tatorvats iotiiooa smlttplola arlsloi froa 
tio toiM oloatfOB eoofigafatlda. Tiooo oo«>ur fa tio «aso of tfaaaitioa 
•otal toas of tia Iroa ffoap ahoro tio aapalrod M olootroaa aro 
fatly oig^MMl to orystalUoo otootrta flolibi. 

(til) Stfoog fitiAda* la witidi tim eryatalltwi potoialal la of tio 
ooi«» omNor of oaorgy sdt tio aataal lotoroiatoo iotiiom tio 
olootrMii. fioao aitl oo«ir to tie ooso of id oul 50 traasttlMl 
Botol troops fONoro ti«ro lo ^slOoriA»lo oiaiiloot ioaoiot iotiioMi 
tio parsossaeilo Isa a^ tio llgai^t. 
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Wvm tiMHMi ftlstif® aagslta^ii ®f tfe# £l«Wf mM 

%h 9 t®i** l« ftiit t®i a«8llt®al®»# It AMS to* •«» «»*t j^rtaftoitl®* 
tto«6V|F iMilis f9*i tm M mi U ftwip to** l« tto* it*» 

*f til* «»trfar l*w»l* «f th»*« liw* Sa ei^stKllli** Tl» e«l«iit*tl** 

»f th**« «ai*if lirf*l* ®«**l»t* I* fti^iag «it tto# «atrl* «i«iwwit* iMt 
tli« till a* tto* ttat** it tto* ttm l®a 

HantU**!** •£ tl* faraaafmitf* f<»i. 

ixelttiiai Ito* aael*;* lataractSewii sslitcto will to* tat*f« 

til* itmlltAatilfi tm Ito* tmaaftl** »»tet I tat am to* writt** «• 

l^x ^ ' * ^>j=i •** 

tUi Urns la tto* iMttteiiai aiw la ttoe i**r**siii^ Ardav of »« 9 ail*#*» 
tho ftffst ttoto* i:9»a» >«ro tlio ftoo loa tosntf Cf^cn. I* lator«etl*a 
«fttto tlio oi^atsi floldt 1* ttoo spla^oriitt futoviiotlea «Mi tl>« laat 

tow I* tl» latwriottoa idtii tlM onioraal aapMitIo flotd. t tad 1 air* 
th* oftottat mi i^ii iipil** ir«M»tiai opoaiitovi* t«*at«d a* a 

portattoaiioa «Mi IMI fta* !«• MwlltMl ai aid oaa toa jmptmmui fa ttoa 
fo«ia. 

Xcrt* Z • • f|« 

idiofa f It til* $iatiMI%l(il of tiMi arfitaliliiA flold tad a|t fg tad aa* 
ttoa aaardlant** *€ lit i«tii *l*«tfaa it ttoa aallllod all*! I, if aaaanlag 
tliAt ttoi tleatfiMi of ttoa paraaigaitl* la* mi af tli* IfgMida d* B*t 
•vartif tiui |*i*ittel y •stiaflM y^laaa'a Aqaiiilwi •• i. 9**1 a 
IMitaallat t mmtm mumt&mi tti law* of t0a*rfaal itaiwtatttaat 

f • Z «®f 5 ^ > 



ta 


SiMMtxf kAU tadtaet tM t«iss t« this «Kf»«maloii, 1« %im eaa« 

•r 4 «te«ir«st |«imi tm sbleli a >4 idill Hm vaataa far this 

it tliat thia Hava fatwtiaa af tlH» alaetraai eaa alia Im aapaiNhNi la 
liafaaala faaaltaai, ittrix alaaaata ara of tlt« fara ^ 
aa4 ara tkaxafata aaxa far all pataatfala far abtek a >21. All ttaat 
fa f attb a44 a mat taaii^. tat raoMa for ^ia Hat la tka faat 
tkat tka fxailBal aa^aagaa 1^ farartloa afaaatry aAiaraat tka 

pataatlal akamaa Ita siga* ftaally tlaaa f it raal Tka 

taxw alik a «l> fires a mflli^kla ad^lttra oiMstoai aktek asm be sal 
a«pBi ta mare* fa ksm fiirikar tIaiillfiaaiioBs tka vpmmttf af tl^a 
arjrstalllao fta|4 It la ka iSlaa lata aeaaaat. Tka ii|>liarleal kansaala 
kas lottal sfnaairf akaa a « 0« tatraf^l sjmaatrjr nAiaa a » ^ 4« trlfoaal 
sjaaatry lAaa a « ♦ S aai artkarkoakte tiaaatry wkaa a « 4; 2. Sa tka 
pataatlal af tka flal4t af 41ffaraat simatriat at II baaaaa^ 

lAara oj • ^ ^a^'® * cfi} mA 

oj at* 10,/) ai^T^le,^) 

Ikasa pataattalt aaa ka aa^iaiaad la lasaa af Ika aaatilaitat af tka 
aiaatraa af tka faraaafaatia taa. rattlaf tl^asa l(*a iwa 

ka larittaa si 

f J • Sa* • • f* 
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fj • (SSl^ • $ 0 ^ 9 ^ -f 3r*) 

fj • 

ifii«wi»5 ■iiV^4 

ij -(SM/^) 4 

bJ -(S/B) 4 

file esyslal flalB •»t|rf(r|} e«tis«B bf ik« prag«M»« 

of tk« ligiaaBi « Bastings lAe sf^arlaal *pm«tvf of tkft mviroMMot of 

2 

a oortaia loa. tkorofi^o i oint longov i^mstito witli iko Hwlltoafaa. 

Aftor tko erjritol flolB poftorki^ttos it t^oa lato aeooaat tkof Mf ko 

aetttoltjr f«|)looiB t*f otlior okionraklos ilopoiiilog (Mi tko tjrpo of loe»l 
2 

siawotrjr* S owl eoramto oltk tko oi^ital flold BaKtltonfatt« fdiiisli 
((loot aot dopond on spfo oootdioatos* Plaelog tko im la tko orjratel rotalit 
la tko i^opiroaoattttoa l^x boooaii^ rodaoiklo aid keliHEt VKkieod la 
tomf of tko Ixrodioiklo raptotootatfoao of tko iqamotvT' froap* B^«iditek 
loovoa oaokDagod. Iko apla <to(Mi aot aiipitHr la '^ery at *** 

oaly 0^ I# r^ood laiN( ttxodgeliilo aopirootatatiMit F of 6^. 

\ ^ OtI7 4 IlHiot tryatal fiold tplltttafo of tko fvm toa 

oaovgff loftit aro obt food froap tkooriti tally. kata oxMt fafor* 
aatloa dboat tko ofdof of tko lotela oao hot to oaloaloto tka aotalx 
ot(MKoati of tko Ofyaiol H^iAd yotoatiol la tko foca diaottiood alwai ' 
kotwMMi tko fiaa too lofoli. tilklo ll * I fltoa tko 3d oioetroolo ooaft* 
fotttfoa* tko fooiwi ttato iMd tko eryitoUlM flold oplItttoBO <af tkii 
gtooad ftato. of tio Itoaafttwi attal laat of Ihbm frooy, BoIll1ioa*o 


4 • 

4 •!« 718 / 3^4 

bJ -(3/4)7i^Aj 



14 


«>« 


I 

{mi 

« 


8 W 

*» 

•rf 

1$ 

iSi 

m • 

l»i m 

^ m 

m 

sr 

2! 


%* 

# 


m m 

1 0 

m # 

11 

ll 


1 

i 

IS li 

g M 

IS 


91 


S 

4 MI 


t* 

mm 

? 

%r 


|M| 




•I t 


f M 




m 

f 4 


#4 

♦ » 


*+ 

« 

m 

t ^ • 

^ ^ *i 

^ 

vw 


n 


t 

^ %# 


® ^ ? f 

t 'NP 

%# w %*f %# 1 


eT J^ eT 

<^^^ iflt** 


rl®«^ iflP ifl® f#* ct** 


*%*%*% *% '% *%» 


!*■ 


WL 




In 

o 


•V 6 


♦ * 

£ 

H 


w 


m 


Im 


16 


aetstloii it »t«id la tlia erfttal titA4 tpliitlagt* tiia iFft 

aliiariptloa ttkat pizm la tb« awtlfold tl tliis lOHatt latel aad Is 4m* 

3 

eribad spla-fiaallttatat natbad d«wl»]p«i hf ftfm «oi Abr^aa tad 

4 

pry®* . 


!%»t»>dflalltoBl«i Ptfaalatita 

Elattraa partnagatti® tmmmm It gaaarally absanai^ la tM 
gtetad stata tf tlMi ptraeagaetla lea. Ibis ttwatt grtap «f alattftata 
staiat aaa ba cfeatattaaftad a stagla ipaatm aiab«r S* avaatbai^li 
etah fiat® It vaalty a aeaplfeatad alxtara ef tpla tad tnrMttI aava* 
faaetloas at tha twm taa. S* is eallad tba **fleti%tau}t* ar ** affaetiwt 
tpla* af tba tyiieii «i^ it daflaad by a(|aatlag 2S* -f 1 ta tba auBdatv tC 
alaetfoale ttttat ta tba taaaat graap* Par mm laaa s* It a^al ta tbs 
fraa laa tpia S» fit atam^la ai^ Ca^*^. Far mm atbar litit 

$* it mvt agtal la S« Htf axst);-^!® Ma ia aywti^ tad Ca • tba at# 
af at affaetiva spla a^aat that far tatparatarat abara itiSy tha <2S*at ) 
taifftt alaeiratie «iaf^ lavala ara tppraefably papattiai tba ptraanfattla 
laa ft traatad Ilk# t aagaatla dtpala iHlah bat (23* t-l) all««ad atrlaa** 
tatlmt la m iq^llad aagaati® ftatd tad aaidt aiatrfy lawtl it atsaelatad 
with aaa arlaataiiaa • fttt tha affaativa atgaatia tMiiaai af tbit dipala 
{tad bmiea tha tftfttiafi pradaead tba tppliad atgaatia fiald> data 
aat aarraepaad ta tba tpta atly ttlaa. H it diffatmt by a f attar 
g/g^ ahwra g^ ft tht ftaa alaityaa f ^vtlaa* 

Yha l 0 M|itt iwiigy laaalt* tba «aitlptlaily bf lAiak it glviii 
by its* a !>• aaa ha dawarthad by tha at# af a *%pliNiaiiiltaBittf* 



14 


3 4 

iRtroditetd bf ftftm Bid dbrafin end Prfet • % tnUm fit# neeoiiit tb« 
first Bid sBesad ordit {i«mrt)atlB8s du# t» tli« spla^^btf aid tli« Zinmsb 
tasKS OB thtt erfitai Hold statot, ^regw mi Pryoo^ hav# sboiM tkut 
tlio olgtB valBot «lit Im 9lv«i bf tlw fiaBlitoBiaii 


wkoro 


+a |3 f L •'XArjMjSj 


At: =A:t = V <.ol L; W><^ 1 j-j 1 
^ ^+0 E^-E, 

(o> Is tb* lowost BXjrstBl flow l«f#l SBIOIIS III* Zoonsi eonpoaoits of 
id^lek ®lt sksorptloH Is tsfctog pl»c# aad l'n.)is mf blgh tfiog erystil 
ftold lofol. Tliis flintltoiloB is asoally oiqprossod as 

f .0 ♦ (s i .f .i 

m \ m 


s^ro I aad I aro ipwrotrle tiMsors gtn« hgr tko «qprs«stoBS 

hi * 9|j • t < S.j • AA|j ) . 

idioB tkt ofjrstalltM fl«ld Is ksvlBg m axial sjMROtry* tlio BaBlitoniiHi 
iB tht {^risel; al axlt tjrstoai ^ tlw f*t«iitor oaa Ho irritttB as 


d£* p «„», \ ♦ P*i-^®x \ * ®y * ®[*i ^ ^3* 

Wkox tlw orystalliai ftold Has ax ortkoniaiiye osnpoaoBt « ton of tko 

3 2 

tffMi B IS^ <• ) Is to tkli nanlltMilni, togolkor wtik tit otof0« 

eioats aad f y to roslaoo g^ • flio aonstaats B md i aasi bo 

obtaiaod oayorlaallf ftos tbo m ipoetrwi, Ai^art firoi tlio aidal sod 

rbaobte tows «ihiab aaro osadratlo is spia vaflsblos* Vaa flook lad 
S 

poaaof bad sboos that a third otdor offoot arlslag frao tbo aaopllii 
of lotraieaal ftold and tbo syia^orblt iatofootloa ooald also firo a 
slaSlar ^la doftoadoato. Tbo latotaetfoa via rnMn fiotd gloos a tons 
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4 4 4 

Ipvvpoftiosal %« S| 4* -f « S|t ^2 ^ e«K^ttiieBts r«f«rr«4 

tft tk« ofbioi mmt luit Iweaatft of tho fel9l#r «nlor «iMi{»!t»ft itnolv^, fh« 
e««ffiel«at Is mrsII. 

tks fist ifiKttttrt |^«rt oi tkt spItoSMiiltOBltii of SB orilioirtiiidilo 
sywiefry etii Im wrlttoM as 

+(»/4)[?ij 4- ^ t sj H 4* 

♦ r [3S sj . 30 SfS4-l) ^ • 4SCS4-1) 4- 3S^ CS+1)^] 

♦ E(^.sf) ..... Cl) 

* y 

8tft"«"ts tilt of ifee <^le fl«l4 toms »liostt tixoa «r« tiq^r«$o»to4 

by 1.3 ^wA 3. 0 iaO f ato t.lit eoaffSeiosli of sotoaO aa4 foartli «f4tt a«lot 
itflit oaA f is tbo oioffioltiit of ottborbosiite ttmis. Tbo saws of tbeso 
tonis sort roptosoBloO by x,y aiiA s. tbeso floo styoetiiro etostaots oto 
rolstoO to l^*s by tbo ofoetfobs^ 

0 

0 m 

m 

M *» 

io « iio 0^ 

1 * 0^ • 

Tbo toyorlooio of tbo oylo^lortttooiw iloo to tbo foot tbst tia oiiylo|fattot 
oideof it poosfblo to ftto a 4oi®»iyt*irti of tbo ffosoosBOo yaoyortios of so 
too Is tosoo of 0 aoolt onobtf of eosttoots* 



1 « 


stmetnr* 


If tk« amelcst 9t tim pffi7asi«ig»«%le taa hat • mtlmr si^a X tliaa 
tk«ir« axlstt « »a0ii»tla latinraette» batataa tli« mieltar alaeiroiili sf>1as« 
Siaea tba aaelaat baa (SX * 1} arimtattoai fa tka aiafaetle fiald iritlag 
fraa aaeb «f tbt flS l> arleatsttoat of tbe oleotrealc Moaeat, aaeii aliasiro* 
ale laial la lata (21 t 1) aanj^aaata. Tha aalaetloa rmtm far 

tha traaaltlaa baMNm tbasa latala la a»^ mq, i%a phfiloaX rwaaa far 
tliti salaattoB rala fa t]i?»t tka aterawsiva fial# axarta aagllgfkla wfimt 
aa tka aaelaar maiaat ae tkat Ita arlaatstlaa 4aaa aat akaaga fa aa aXaetraaia 
traaalttwi. sa askk of tka flat atraetara llaaa apllfa lata <21 ^ 1} fcjrparflaa 
aanpaBaata* Thta hfp^ttinm lataraetfoa Is mrlttaa aa 



m t 



(V\).l + 3(v 1 



+ (»’r/S)S<»^) 1 >] 


INirt i^iaal rafar %| tka aaelaar aagattaa aaelaar gfraaagaatla ritla 
raspaatlftlr. fka fltat taw la tka a^iawa kraakata daaertkaa tha dipolar 
latataatlaa bataaaa tka aaiAaar aad alaatraalo aagaatia aanaata* Tka aaaaad 
taw itewtaa. tka mmmlmt* latwaatfoa af l^alaatraas with tka aoalaar apXa^, 
rraa tha rawlta af parwapatta taaaaaaaa It la akatrrad^ tkat fa trwal* 
tiaa alamiata thia awftfaratlaaal lataraallw XafotTlaf ii^aitad S alaatraaa 
la af lapanmaa aad aaatrihataa aaaaldar^lf ta tka kfpaiflaa aplittiag. 

Xa a prlaidpat warn iBratta la ail^p tka h|rparflaa tatwaattaa laawf d la 
diafaaalt tkla Bwlttaaiaa ana ka lartttaa at 
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^1»S ** ^ 

• I. 1. i 

111 «td«r to ttko tutu offotfi tke hjr^rftoo iotornetfoo titoso toms olf« to 
M oMod to tko spfii«BiiiiltoRi0ii CD. 

•Rw dfsimloo i» tim otystaiiiiif ftol 4 «dn siso dotonstno tiio 
aolsottopr it tt« l^vffflo Islffootiot mA hoiieo the i>r tool pul axot of h 
and tto orrstsillto fiold toosovt irtll ii# idootfeol^. tlio prtoefpot mtot 
of tto d tossor flood aot ooloetdo with that of tlio h toosor« ovoitkottgii 
tlioy ofttolly do so it mm tfttois. moo ttoso too axot Am mt eoCnoldo 
oddiitooal toms of tlo fons^® 

f¥j 

lood to ito loeltfdid* Xf tito t m»» ootaoido aad tko x« y prluoipal omt 

do oott tho off-dligmat toms Utoo eoetalo oaly tira prodaoto s X sod 

E y 

S I • la tMf easo tko oOsotvod iijr^rflao eoastmts A« 8 * S., F 

^*^xy * *^yx» •**®* ^ '•****^ ** »»• roiatod to tit diagoaol vaiaot 

of tbo loriioTflao totaov 

A • ^ 

2 2 

au • 4 L oot 0 + 4 Ola 0 

* Jo y 

2 2 

®y ** \ »it 0 o hy oot G 

^*y • >^l5t • II • A^> fit e ooi e 

moro eit tto aoglo mmrnm tho i^faelpel ax^s of tbo too toaaort, if tho 
priactpal aaos of «h# f taid A toasors eolaetdot tho oxtfoaa for all tit 
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lliiit «emar tt tiP* liifld itadi tt tl^jr 4m not* tlM® ooeax’ 
at dlffattat saflas f«r 4iff«rant hjnwrfiaa llaaa. in^is tiaa iNMia l>radllata<i 

in 24^ 

alii aNravfwi i»:r iair^Nats sail Ilhaelit la 10 iopad ta '^ttaa salt. 

Maelaa? qaairttpala affaeta 

If tka ffistalkas of tlit |ptar«eta9aatia las has m alaetrla <|itairap»la 
HMaat 0 aai if It It fa at alaatrle flali grallaat tkara lacittt 

aa alaetrotiatle lataraatloa featiwaa tkasa twa. Tlilt latataetlaa ta ftaatt 
!>y 

^ - 3 ( 5 |. J- 

tklt Is r^rataatai 1« Ilia apariiat fam m 

0* H l/S) Ifl+l)] + ^ (sj - ) ••• <>21 

w 

liiara Q* * l|[a q/tl2I-U]f^ 
mA (f » ii[a > 

wkare tmA aft iha f^ftaeipal valaat af tka alaatria flali 

graiiaat taatav* IRm affaat af tkSt (paitapala liftamttaa taaaltt ta tka 
apfHiaiinaa af tvaaslttaas la idilak tka maiaat 4p«»tiat MailNnr aj lAwifaa 
kjr aaa at tiia« Yka fli^tiaal raasaa far tka aeaarraaea af anak *fariildi«i 
trivial tiaat* it tk. t ika qaairapala iatamtliai tvlaa ta alfpi tka Mialaat 
alauf tka ay aa a try laiiat akaraivi tka aagaatia flali astidilltkai Iqr tka 
alaatraat trias ta allffi tka melmrn mtarkfi at ligkt vimiat ta tka nyernttf 
axlf. Tka aalaiftliai talaa tkaa ava kcakwi iaaa tiaaa tamaal wtalaar alitaa 
ba^BBia aaaSjiMi. fka laatiMi tw tkts krask iowM llivi la tka affnllasiaal 
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twnis glvlag rls« t# trimiStlws for iAt«6 Ai^ « t t sotf Amij w 2, 
Bloaaoy * kta 4«riv«i fomala e for titoso trwit!tioat. Xa ordor to talc« 
iato affaat tkt (fBadrapala lalavMttoa tli« fm§ glvaa la C2> k«re ta ka 
addad ta 8{>iii<^8itlt«ailiai II )• 

Sipatkyparftaa atraatara 

Xf tka alaalraat af tka paraa«Kimtte laa sial tka Itgaada aratlt|» 

ffitk asak atkar tkara a«a axtat a nagaetta lataraetlea balwaaa tka 

aXaatrcNile tpla af tka Im aad tka tnalaar 9pim af tka llg«Mtt» la saek 

a eaaa « aacdi af tka kjri^ffiaa lavalt of tka paraaggaatte iaa ipXlta lata 

(2X|^ 4> Dt akara X^^ la tka total aaalaar apla tka aqatvaXaat itgaada* 

Tka aalaatiaa rala far tka tramitlaa katiMta ikMa larala la g 

aad to aaak af tka kTparfiaa lima apltta late (2:)^ 4* X 1 aaiq»aaeata« Bila 

•truatw^a to aallatf **ia|tarkf|»mflaa atraatora^aad la firat okaarvad kf 

12 

Omni and State, aa la anBoataii tklerairldata. tatair m* tkta kaa kaaa 

13 14 

akaartad ky aataral fuafkara * « Tkla attaatora appaora la neatlf 

eavalaat ayatoai and tka atkar affaata &t tkla aavalaaoy ora 

IS 

(I) aa iaarataa la flaa ittaetnra pargaatart 

14 

III ) a radaatlai ia tka magaitadt af kyparfiaa aaaataat 

IT 

(111) a i^mga la tint arkltol eoattlkatlaa ta tin dkaartad g-volaa . 

Xa ardor ta taka lam ^faat tka mparksrparflaa iatarmtlm « 
tarn af tka type S^. «*ara M la tka aaakat af antyaiiadlag 

Itfftadtt km ta ka iddad ta apIk^^aalXtaaim |t>. 

After addtag tka dkafa daaarlkad tame ta a|dia«l!ioilltmlaa II) 
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It will li« tt toiSlt««iiai of orthoiliORltIo sfsioetxy. Is the oet« 

•f exlel ejmetYi 

% • fln 

1^ • «y - ffx 

k*kM» 

X y 

1 «0 
ff mQ 

24** 

Appltentlox of the ftworal epIiMivlItOBisa for apeeiol eatos of and 

2'4 

vs fa dia<Miaa<Hi ix eotrospom^lap ehaptora of thia thealt. 

toairwfMwtatiew 

nw «(|atp»i«t laotf la tlM proaaat atadr if a Varlwa 
X-h{«d Wk aptatiwatair apataat tditif a Vartaft f«4S4d«B<t«l farlg^lo tea* 
paratato aoaMaoff* A ateptiffail bloek dlagraa of tho ajrataNi if glvoi 
la ripira II * 1. flia datarlpfioa of tlia iaatmaaat m4 dattlla of 
apatitlaa nm ha foiiad alaawliafa * • Seaaatial faataraa ara daearihad 
iMiaw. 

A klyatiaa aaelllatar ffimratas a alerawata i^wax af SOCMf 
i^pderattap at a tiapiiaM^ cdia. Hit a aleiawawa pawar aftair haiait 
attamatad to laat tf tad ta a raaoifHit alarowaaa eatilir, fba feijratraa 
aaa Ini laakad ta tha raaaaast at tha aatlty wttliia mm part la 

4 

10 If aataf aa aatamitfa ftocpeaiar aaattat ikPC) laidclag aorataa. Tka 
aafltf fa mmmM4 M aaa aad of a fcplnrid taa • tka athar aaa af wkldl 
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e»«t«i»s a t«ai, tli® bylrttf t«« Miantlally aetf «• a lirl4g« 
fat iilaiaiiav* powttt aad iHa lirldga «an h* aijastai fav balaaea la t 
«i»aaaea af t^wmamw abaatptlaa. iat«i tfea vaaaawiea aaaara* |>aaar I 
fiaai tfta eavity . tiriia ma]^ ^«nfa ad^atanaM tka alarawata 
rata lit ta Maxgy ira^aktas tka aryatai aat«N«bar. 

fka a.a* eafiatia ftald at tlw taapta paaStfaa la WMbiliitr 
100 Xia »*i®f a Salalialts aalla aaaated aa tlw aavity walla, 

sm tlgaal talamattaa raaaliiaf tlia acyatal dataalar appaavt m aa a 
wadalatiaa aa tha ^aianr rafla^atf fiaw tka aanfiia aatity. tka ifgaal 
tkiw aa^liiladl wtA pkaaa tfataatatf aatf la ai»{tlie4 ta a oraykle raaaid 
Hiaplay. 


Tka wagawt aaad faa tkia ai^riwaat ia a fairiwi 9 laek na 
ayaratad at aa ait fa|» dt 2.07& laekaa ta tka wlidla. It ipratliaa a 
kanafaaaaas wagaalla fialilwitkia ISwliilffaaas atat tka aaspla tagi 
a flaid tataaafty af akeat MOO s«Hia) iriitak aaa ka vaiiki ftwa atat 
ta akewt 10 XllaiPMia atar tka aawpla taglfia. 

Ia ariat «a aatatwlaa tka wagaatte ffal4 aaaatataiy di{>li«ai: 
filaiTkfiiaailUllffM) la plaawl la tka aairtty at tka aila af tka 
Slaaa tka f^tataa af f^PB It kaawa ta ka a.OOM* tka aaaat fiali at 
tka aatpla alia tf iaiaialaag ftaai tka taawiaaaa eaaiitlmi. H# aini 
frttpaaag ta naa«ite4» Iqr ladal mtmR Baekwaa Oalvaraal IPQT aai Tl 
ittaakag ta Hial ISfl Mdiaa IO»ltOlie mwmutMt, ta aa aaaataay a 
ii^ala ia to • 
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eo«t«tag a tftMisf load* Umi t«« •tsaalisllir »ett as a bvldifa ^^veait 

far alaiaiHiiNi pmsavt ani tl^a l»rliga em ba aSJastad fov balaaea la tM 
lAiaaaea «f tawwiaAiMi d^saiftiaa. tba rtsaaaaea aoeatrs, pmmv Is absaYlNiai 
ff«i ttw ettvity. fWlt aatfgy aUsafe ssbataneat ttia nlerawiva bridga tad 
rasalts ta aaaxgf iraasiilim tba etystal aat«atar. 

flia 4. a* ttii^aatlft flaia it tbs taapla pasittaa is Midalatai at 
too Kis asl«f a .m^\isS Btlabalta sails asHiated aa tfea aaalty imlla. fha 
irai stgaal iafaaiiatlaa rtMbiaf tka ev]wtal ^aatar api^aia ps aa a*e. 
aaialatiaa aa tba pmm tafKNSiiNI frea tba sMi^pla aatity. Tka algaal It 
tkM aiyllxlad aadi |4iwa 4ataata4 wd ta apptSad ta a frifikle raeardar fat 
dtsfilay. 


91ia aasiat atad far tkit as^aiiaisat it a fartwi 9 iiMsk naipiat 
ifMiiraiad at aa alt 91 ^ af 2.61S la^as la tka alddta. It pravidat a taxy 
kaaafaaaaws aa§a^a flaldCwItkia lS«illlgi»st ataa tka smpla ragiiNi fav 
a fiald lataaafty af idarat 3400 oawis} «Aiak eaa ba varlad ftoa mtm aata 
ta ikaat to KilafMWit atar tka taapla xagtsa* 

la m4m ta dataaaiaa tka wagaatto fiald aasarataly difdiaayt* 
plasj^ydnMIilUimi) It ptaaad ta tka eavity at tka tfta af tka taaptla. 
Siaaa tlHi f-aataa af irrB It kataa ta ba 3.003(1# tka •esat fiald »t 
tka tat^l# itla It dtiatailaad ftsa tka rataaaaaa <aHaittlaa. Ha alasatnaa 
fiacpaa^ la staasaxad* ^ iadal 331018 Baekaaa Oataartal mm aad tteat 
attadbsd la iadal HYI Sadawa 10»lIOK; aaa«irt«r# ta m maaaaay af I 

A 

ayaia ta 10 • 



m 


tfWltltlty «if I* 2 * tO i*#?® A® 

i» tfa® 111® m%h ti «»!«• «®^®« ibwrpttoii. 


ff 


1* S. A* m4 8. «• tmt^n tf^vm t«fi»aafiii»i 

Aes^bBBiie fmm tWm Y«ft aeil pl4 ft%4). 

3« e. Jf* i«ttfciHis«8t IiitroiAistlas t« Ft 818 tiMMiff t 

ll«8riii ftttl <38Rf»8]r CtlaM pl4 C1%I). 

S, i, 8, t« Yfne. Wiyi. Swi, Jg§i W IlfSei. 

4, A. Ifcri8f«i and «. 8. t. !»*?«•» P?#e* sWy. St*. Ojandnal* j^Ki # ISS a«l>. 

i. f. ir«i fit«* «»§ «. 8 . rnwi^rt »»f. il* 

4. 1. Lfwii finraniifintln Wmmnvm In Snildst iwmdmin Ptnnt 

(Hffir ¥«|4( imd {nnd»n> 

?• C. r. Btniiftnnd «id I. 8. 8»w«Fi, nqra. Knv. l|t« m Cmo). 

e. s. fmwi* fiiYtikt it* ^ iv^^u 

4* ®* »• fidfeltlni, fliftm in»* 118* tf <1989). 

10, «. 8. Onrakntii mA C* Ilknniil# jr. CN«, Mift. Jg* 22?0 <1984). 

It. 8. SlniMiOr* Ptill* ite«, 42. 44t <li8St). 

If, t. mm tnd !• 8. i* Stnvtttt, fliinrt, J||« «36 (1^). 

IS. S. Spin* I* pfcfi. »«. ^ I4rrs (19S0). 

14. 8. S. Snntif wid r. Pvm* ^idlnn* iend. S#l. 

!!• las 

18* 8. % Tltttf Plifi. imr* 1% <19^). 

18. t. i* tHi* rift* mt. i|fti 4is <i9i3>. 

IT. 8. cnwt Ho?*. t«t* Mb <19841. 

18 , ftvitn Jli8t«t«i**i Inntifnnllsn StMiant T^ISiMI 8HI ijrnt***. 

19, lit HR « 8P8 ft^ nf TUtfiM ipfnntntnn, fflfll and 8m 
rtifiMMi rtnn* <iii« 



# Ul 


MMwm mmmnmc mmmn mmm m mm m 


% Mtftr iititi •« tut 11^ i«f«tllMs 4 In tilt tt pmillME 

In I. 0m» I%tf J|» 4M 


AUSfSIlCf 


2 #. 

1t%« ^ArMagpittie tmmmm tpMttn «f 90 tos 

I ft pfttftttlM ftltHidliMi Aoi mmmim tlmlnwa alam at not* eiyttala aft 
£i bfttli irfiiftti ft tft «fttftfv«dl tliat 90^^ tan ftibatttatat far 
a» Al^'*' leu* mi faxttt a {WCBgOJg]^^ eaii{>|«K« famlm a alitartad fteta • 
iHNiraft «Ath Ml faea«4^ aliftf tkt 90 twad dli«atiaii« l^ha ftati^teMiiNMt 
ftxas aft fMuift tt altA tha aqratafSaorapAia <100> ntaa fadlftittao 

tkat tka prasaaea al 90 vatataa tka aetski^raft aicaa sa at ta aalaata# idltk 
tka arirttallaori^a laoM. Tka fanaatfaft af tka vanaafl paatthyOrata 
aoaiplaft kaa keas Iftrtkar aaaflaiiad Iqr takiftf m aptieaS apaattMi* 

Bf aartflatiaf tka 9t wmi tka aptlaal ftkaarplfoa ftata tka aafalaatf rttaa 
af akanaiBg katiMii tia faaailaB ttaai ai^ tka aaaitarial llfmOa iMi 
af tka ^ •kaaftf «9 kameaft tka tanadfaii atan mi tka aaftaByl wo^ae kava 
kaaft aatiiittaa. 



IntTOdutflos 


MwRs pflTitiafsttie lapTlti«s kitwi h^m tl» 

#f lavttttigattmis ffea marat p9imt§ af aletr •!»«« Ilia aarif dart at 

alaatma pariBasaatta rataataaa C1PR)« Esrllav EPH f avast Igatlaas la 

12 3 

pataastaa «liv«aia ala» and aaaaalaRi eiuraaia alna * * liata lai^ t» a aa* 

aaiiavstaatfiag at tba atvaatara af alan. tfeta ehaptar 4aals with tha 

firt ataaiaf af laa aapttf Sa pataatlaa alwalataaiCEia 3 m4 aRamaiaai 

alaalaiaai CKfi^Al) alims alafia er^fstala. Th^e raeaat ataillaa af Saat^ry 

aad fwdcitiainarla^ aad tha warh dasevlhad ti lAaptaa T thoa that 

aatarlid aad CsHG^ siagla aiqritnit* aaa raarlaat Its h«Mid 

fraaty vasaltlatl la a taa^ikm aialflhetl^i af tha f*0 hand aala* whwraaa 

tha US'S aladtm af ta Taltaa aalt hy sarahaxtt aad Klkadhl^ alMHi 

that tliata la a laatatlaa af a dtamtad af aaytaaa ahavt 

f**, tha diatartlwi iMiiiay la the y*0 haad dtaaetlaa. Tha aaaaat IfH 

ttadiai af la vahidiaa aliMilaMB Ifth Al) aiid atalaai alaalalwi CCs At 3 

6 %¥ 

alnaa hy taaaaylaa «Mt Va^taaftt ahcw haw tha yroMwaa af TO effaata 
tha attaatara af tha last lattlaaa, Tha prmaat St% atadtaa af fO 
I4f|f#l«afiaii alantmai @ad Mnwiattai alaaiaaia ataaa hawa haaa tahaa ay ta 
yal tafamatlaa ahaat tha stvaatara af tha vanadyl eanylaii la tha 
ftapaatlva atayla wiyatili and alaa ^at tha affaat af M aa tha ttmatara 
af thaaa alwat. 


StvaetcM af alim 

f 

IRni itawirtiara at alawi hat imm datandiaad hy^ tJpwMi and AMtava 
aai tJyaaa^, lha ataiaA hataaf ta tha aahia i^stm aad yasaaiB yalat syanatiy 
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• Th«r# art fwi* ftwiala attts per eelt ©tlJ* The t«Mis 

® m 

•tlecules eaa be irmoail l« three sllfhtljr different m9f§ efthle 

cable littlf^. *niece three ms$ ef arreegesNiBt hart bei* taied •# p 

and •treetarts. IttaaclaBi almiBM md iBM»idt9 alweitmi alaMi belrag 

it oc- type ef aleec. 1« thli t|^e ef etreetere half ef the iraterf feni 

regular ectahedra arcmmi alwiiwi ewi ea<& ef theee watert adtee eeteraal 

benda tith eee tjorgea ef the <30^ greap aed ^e peteeaiea eater, Theee 

tee beede and the eee fraa water te abmlataa are alaeet eaplaiar. Eaeh 

. 2 * 

ef tie raaatalag i«ater aeleealee llidte twa wrygeee ef the <SO^) wrmp, 
eee aleelffiNi water aad om petaaef aa atea« the arraegeaaet ef the beada 
baiag epprextaatatf tetrahedral. Tht atraetare ef -^-type ef alaaa aed 
the beads betmae the dlfferaet teas aad the water aeleealee are shewa 
IB Figare ta cC-type ef alaaa the <lll> axes ef the ectahadree 

eelaelde with the <lll> axes ef the erystal, bat th# cable axes cf the 
eetdwdrex ate dlaplaeed fraa the crystal eabic axes by a retatfee abeat 
tbe <ltl> direetlea, Upiee males a retatiea aegle ef 9.^ far 
°c-type ef alaas. The ectahedrex aay ht said ta have a saall trigenal dis* 
tertlea aloag the erystallegre^le <tll> direetlea. 

Vetaealaa alaeiMBi bImi has baas femd te have a gradaal phase 
traasttlea^ areasi llei\ while aasiealtai alaBiaiai alaii has bees feiMd 
te have a ssddea ttassltlcs^ s»e«ad QO*k, ISmi aetaal sechaalss ef these 
fhate truiffenattciii has eat be«i diseasted is the lltcratare. 

Theery 


A tetfsifsleit vasadiss les with eater elactrasic cesfigsratles 



n 


FIQQIE III»I Cffftal •tittat#*-# «f oC •typ« 

ihh fl««%v»ftaiie tfatiiif In tli« oC^typi# el 

uloni* 






34 


34* tidsit In mist fsw ss liladiag wltli tl» mcfgm bulvg 

klgiilf eotalaat. Tl# WMi^O dtserlpti^a ©f tUfs noltetilar loi ta tke 
«««pl©JE [V0CHg0)|]^'‘' had that th« aapalrvi 4 ©laetroa ©ce«pl«s 

t iMia*b»o4lai ^9 tff© »f ©vbltal 134 ) a©4 th« ImMHit stata 

4 © 

htsoMit m ©rhital iiiiglat. Th« nalaeatar ©tbltal sehan© for 
Sivoa hjr 3alllimt«i aiid Srar*^ It tfcoiM is rigars XIZ«1I. ftoo to tho 
■sgsotlo Istorsottoa i«itli tho vsaoctlsai (1 of 1^* « 7/3} iht iPR speottmi 
ihows a etiaraetorSstIo sight list hypsrflso straetsro* l^o g«4raetor • tho 
talao of tditoh Is eiomt to g^« tho ttm olMtros g-valwtf is hootoor 
sslaotrople btossso of tho j^roxloltjr of o* omI Sofolt to tho h^ Ifvot. 

Tho 1^1 tpoetrsB »t HQ vlkm hosts® s totrsgosal sits siiwotrf 6iit Ibi 

12 

4m%fiyn If i of tit tfpo 


P **1 \ «^S^«ySy) 

12 

« so lottos of shloh gisoi ttm mi^isstle fltl4 rosMasoo sslaos hf 
” * ”o ” ^ CiaoD-if] 


...Cl} 


»it?& cof^es^ ...( 2 ) 

»* 0 «* f 

ohOfO t*"0? ©#•% ♦ fi iti^e *Bft**hi* 8h4 A®f* oos^e B^g? sls^e 

ip 

ts shtoli @ is tho ssglo hotnooi tho s-mcts ao4 tho diroettos of tho 
■agaotto llol4. 
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nmt iss«ii. 









Sxp»irtiiMtsl 


Stiglt taryitalf of potaiotim olomiBlwi andi annoslMi ottnilaiHi 
•Iiiiit doi^ iditli oro gtOMi slow oa^^ratiM of tho satovatod 
•olatiOB of tho eofrot|)OMiifig atoa to ohloh 1 a»lo % hr ifol#t of vooadrl 
•olohato Is oMod «• «i to^ltr • Iho lostriMOiit asod io tho oroooot 
lovootigotlooi Is hvloflr dosorlhod In ehaotoo ll» A C«fr*14 tfMaetro* 
IthotOBOtof Is asod to fooord tho Of>tteal ahsorrtloa sooetnHi. 

limits sod dt sottssieo 

24 , 

tho IPi S|to«lvs of W dopod io polassliM olooloasi alssi sod 
ONMoalsa alastoisB stoo stogflo ovrstalo, roooniod at 4ld'*o ato shomi 
rosiioottfolr lo rtnoros XII*11I aid Xll-lf. thoso spootso oooslst of 
slxtooa iXaos. li onootott otiadiaMi alw tho ioaor iroi^ of sight Itoos 
hat i|)pfosd«alolr doshto tho lotossitr ^ tho ootet groop. Tho aagotor 
vsslittoo of tho SfOOtflBi Io tho [lOO] plffiSO of to tho potostioi 
■lOBdOiSi otui Is liiOlfO lo ffgsaro XIX*f dileh Is stollsr to tho ooo 
obtoloid laotogloii md iadfiomo' for tho VO la tho tohliliMi 
olaidiaai olisi. fhts oogolsr farlotlm stodr idUMs that tho lloos 
ooosf lo thfoo groopi ootots. It to to ho ootod lo this llgofo that 
tot of ths ifoops «fO fooid to he oimiilav dopoodoot, iditlo tho thfad 
gnroip doos mt dMot oif voriotfoo lo this plaoo. Vonhort oloog o 
orrstaliographle <tlig> dtrootSoSi too of tlw groups of Itoos ooliopso 
. loto • si Of It group to ftvo a oIoIwm soporatlMit ohllo tho third group 
has 0 owBliMii sopaootlso. Iho soptlir vorlotfoo fo tmamlwi atoolooii alum 
Is stollir to thot lo tho potaotiaii olooliiNi oloo. 





i!i« m wmmtrn «f m tm» 

•i«gl« itrsialt at 4^0 wltll tlta naft'ttl* flal4 
iiiiftii^ an 1 ^ 1 # »i l/mP altit <100> axia. YtMi 

tliMia waxfc^ai **1* wm parallax liaiiaHiaM awl tlNi 
ISiiai a^rkai a»i |^f|MM«ilaitlair ttwnattiaat* 
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IM $piMwm •f i«i it tiwattwi tltni 
tltflt <IOe> dtftttltt 

IN^ttt ^ V. Lints ii«ft«A gr» fftTstltl IftWrt* 
tftiw, f4tst *!»* wrt {HiviHSiiilttttt ttmtitimm. 
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FI80tE Mipigp fwrli^iot #f mt ®# It® i iip mf 

i* t%9 Slim tii^i^ eiy«t«t It tiNi [im] ptmm* 
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tlw sttmtm Vitiatt«i a«f0«stt tiat tim spaatnm It 4a* t* 

2 #* 

a fC) tMil^lAX ta a tftfsfaa'it bavli^ lt» wpm*ttf wit 

■l«a0 ili« «fyataIla9fii|^Se <l«») dtaaetiaa. l^ea fO mtavf fwtaaafiHi 
•Iwltaa tlwi at oMnaaliffii alwalnai altat It nsga fa la •al)ttltattai«all|' 

•Ithar at i*C»r ) tit# «» at alia. If it faat ta t Ita 
tiMi spwatfy nd* awi wd iw tiai <ICX» dlvaatltMi, aa tfca K-ta•’t-a^at«^ 
load ta vaxf ataalt mm fna tlia <t00) asda iaaa rif. Bawafar* 

i4i«l VO^'^wtaTa tiMi little* jwbttltatlaaaily at aa alia- ^*.11 
be at tba Al^’*' alta* aaaaetatad wltii O^* alaiif aaa af tie eetabadvaa 
axai. Aa [TO<8jjO)g]^*l* faaad ta be blgblf atabla abaa faearpavatad 
fitbitititlaaallf at Al^ alt*. It etaataa m ^0 faaaaer 
foil bead <tlr*flt*8 tbatalif fanalas tba atidila tiawlyt peatabf^ftta, 

Firtbar tba f-O baad laagtb la abarta/ tbaa tba bead laagtba bataaia 
a*4 tba aatat ffialatMlaa aai tbla ptmtklf caaaa* a atraag aalal 
dlatiftlaa la tba bead (tixaatlaa. la aa aflaatad aaaadyl paataliFdaata 
aanflas tbara will ba tbtaa Fatalbta aMtaallf fatpaadlaalat diraatlea* 
fat tba f«4l beatfi aaa difaatiaa alaim aeab ef tba a^^^nlAdYaa mat, M 
tba taaatr f«at Huai ailab wppmt wbaa tba aagaetfa flaW mSm a» 
aafla attb tba afnaatff axia are paebabtf iaa ta tba tbra* waaalyl I«m 
btfiif tbalf f*0 bMW la tba tbaa* wtnalijr far|iaB4la*lar dlvaattaa/ • 

Bbaa S ta fetaSSal t* tba <loo> as^a aa* tbiti af tba «o ^laaa 
i4Il biva tbalf ifaaattf aaa* fafalltl ta B ablla %m tbiri* af tbaa 
atll lava tbalf apnalif maa patfai^l^laf ta 8 baeaaaa af tba aapatia 
afiivalaiiea af tba taa fatfiadf^lar dtmMBIaaa* flat la tbit avtaatattm 
tba pmpm0mim < e*®#! will ba «^ta4 ta ba tidaa •• 
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•$ tlMii# tit i 6ae*^> prtrl^trf tit lirtistfltf 

tf « tine itttti^iitiiit it «» let wltli 0*<f I* ttw at tiitt »f tit ttt 
witll GaHINaP, tt flat <*ft tuj^ttttltt It ittliflirti It tit 

ttat «f I# tMtaitt alatftltt tl«w titrt tNi ptrptttlttltt ettitmtHi 
ttsrlttt'Vlt flpft Ill-If irt ft gttMral itMorlr ttltt an Itttttt *• fit 
et»ftfp»atit§ ftrtlttl <Miif»et«itt ««ffced"af'lt tit Pipitt. itwtfiap thmm it 

to ttHetl tiff tftak* It tlw litittfltltt #f tl» p»»«Utl ftiiMMtIUtift*’ 

SN*^ 

tiNmittttttt It fiftft IIIwIlI tk« ipettfiit tf W It 

ptttttltn tlMtlfttl tiMi* ft lit iNiit tbtttfti tlmt tit ptfpWilttlat littt 
ft Ittli tint* ipUt latt tta* tfti tift a ttlet t attll dtrlatlti iwm tit 
<1®0> tfift^ltt 9i tu ffftttU It ftat It fttt tfcat til tit littt tttffcta 
t fitit t mm tpittitii It riftft infill ftpttttttt nit tpttttat «i 
It pmMmim tittitiiit •tiat «iti a ttfi»tti fwt tit <iec»> iiftttitt 
ibtttt It tit [to®] flttt. 

Slitt tit ifttfiaf Mli Itf Itwi ftttd t® eolteMt will tit 

tf 3 ritttltfffi#lt <I0®> #ft«tl®tt tit telftft«tl®t tf W ftr AS Itt 

•ppltft It ftititt tit tiaHItieirtt It anti • «tf tlit It® atit «»lt®lii 

S® 

wtti tit mhH mm* A fltlStr tfftit m$ tmmd It W 

ttpti ft wrtiliKiii tltidititi ilti*. I» ttft tit ®i*l« mm tf tit 
it itt mimirn win tit ttyttnittw^lt tail® stitf titt It tit [It©] 

ptatt itn ^ tit ilttf nmli nllt iMt Ittt. m* « tttnit t^amlat 
•ittSi It illtimi «t it iKflt tf ©* fiwii <l©6> iittttitt It * [II©] 

Ai tit attttir tirf 8tl«t it tit [II©] ©latt ioti ttl ntw tlla tfpt tt 
tptittitff tMS It Itt imm tattsnti till tit t«t<Mvtt tnit 

Mit ttfttlit litl tit ifftttiitffMiit ^st tnt. 



mm Im tm cha»f» 

liib»t(ia«« *«w U%Um 4»f«eti mm *»« It mm Ummmt »t |p#fiifel« 

tm tlw ®I tlwsw t* tli® pr«tti«Bt wipartwwtt* 

Hi# in ip*«tra a*t aaalTi^^ fef *»*»t Kpistiaat (2> aatf tii« 
•pliNBinim»l«ii eauftaiif aft «*»«» *» 

tilt i^tiMlaBlltflOlaai eonftRatt #1 i» «tb«f afl#«tt4 eaapltieti 

tf« alM l84tl«4«l m t^lt It ^ •••• '^**»^* 

tilt sptii-Bailitmiaff c««fta«tf <*tal«tt !• tfct »t»^f aft atafir 

•qttsl It tlw>i« Wfptfifi im * l» Ttttwi salt tB4 alaMi «. 

fli« tKliltatt «f [tO<«jp)g]^^ htt ItMsa fafllitr emtimmA 

If taklag tl» tptlaal ^taMifftlta sp#et»Mi «f *■ kttli alaif. ttt 
•ptttva t« toatli «l«ilt aft WitBtlanf sfaitlw md eaafift tf %m kat^a. 
oaa at it# tl»« ttktr at ISTcsOa**'# iAI«k kata kaat attrikttai 

h-j nBllhm^m mi t« tka kg-^ mi k| t»aa»ttl«if «i 

[vOCa^Ogl Wrat tka aaaaa^ tfaaattlos tka falta af 0^ tara* aat 

ta ka ^ ItHaoi**# 

tka EMt aai apt leal ikawptlwi 4tti aa# ka aaffalata^ ky aalii 
tka ai^ratiiaaa 

Ika iiaifctf tka aaialaat akawTOtar af tk« kaa4la®* tka elaaat #fa tka 


U ' 

A-EIkj”^ a^fj' 
|« 4>cC^ 

At(k--5> b*)-^ 





talv«f «f aMfflelttittt #f ^ t® aalty. Ih 9 «i^Msi®af (I* 

a«4 Cl» «r# til# Mfalaiiey r®Wt. Tli« Utmt §Um m iadi««tida ©f 
tli« liiflttMft® •f the 61. Hostftag hetween the vanaeUw iea and the eqniteirlil 
Itgaadf, while the lattee taiileetee the laflweeee of the hetweee 

the madtiBi !«• ibmI tlwi yaneityl exygee. 

« 

By iiihftitotieg the folees ef f„ * §jl # At <^2"^ Osr ) aed 

Ai<hj-» h^ 1 Md knewiag At eae eee get a teoaoeafely geod Idea aheat 

2 2 

the eeiMieice ef the eeyaleeey yatea ) aid (!•'>' )• ioeetee* the 
■agidtttde of the a|»ls<»erlilt eeeftlli^ <iH»aatai^ eae net he aeleeted with 
rigear. Setetal eethefi^®**^*^® have eheaen the telee ef xbetweei 
laSw** te BooHT^t ftaaoeehle veaolta. lElirelaee ead Lee 

heee hewefer dieiie fiMi thelt Eft melyalt ef l» €^2* ** 

•eeea eellhety thel IDOee**^. %» the yyeieet ealiw*ettonet the telwe 

ef Ahee heee eheaee te h« Sehatltettoe ef the veleea ef «^t 

2 

aed the eapeviiMHitaS valeei f „ t 9 ^ *»JdiAB*f ylelda <!• oc ) • 0,2$ aad 
fl« «i 0,<3ff le the aMteadeai elaailwM alan aed ) «0.23 aad 

<1« 7 ^ > « 0,09 t« the fieteitlaai alaelaae alw ahewlag that the eevtleBey 
tete ef the (^'^dawiiittaf It teif ameh greatet that that ef the ^r-heailag 

te heth aAiM. 

The tgei^ye ef la hath aliaie hafe heea atadled la the 
teeferataye raaft e te*li©®e te etady the effeet ef the phaee 
tytneltiea. Theie la at eeaemlel ehnage le the apeetira nad the hypetfiae 
eeaetaeie a»d f^yetaei alee hate beM feaed te he eaeeatlelly eeaelaat 
eftf the teaperateye fia^. 
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*A ifftm iwiMi m iiM iM»iii is tut# iwf innm 

ilt pililtsetiss is I. €Imi. 
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tlHi pnraaiiig»«ite TW^iaane# ftf %%• fO loa In iMtiqrl 

iMtaalttB galliiMi mim tliigt* eifftalt has teaaa ata^iai. It la i^isairviii 
tkttt tba !«■ «i8itltiataa far tba las aatf fawt « [VO(a^>g]^^ 
eanplax • « 4iftatlMNIi aataHadraa irttb a vaaaaar alMg NaM Btiaatlaa. 
Tlia aatriiadifaa aaMa aaiaa am iaaad ta aa aitplaoai iwm afyataiiafrifBla 

<1€KI> aaat Iqr 9* la [110] iplmpa. tha i^B fwmlta aafgaat tkat tlH» kml 

2+ 

alw prakaaiy kalMp It p-tj|>a« fa akida tlw preaaMt af tiriita 
tka aetakadtaa eidila mm tqr akaat ^ itm tka avyatallagmi^kte <1CI0> @»af« 
Optiaal dbaorptloa itadlwi aoaftia tka faraatiaa af [V 0 (B 2 O}|^]^^« Bf 
aanralatiai tka 8I*S mi <i^tlaal aBmri^tlaa data, tka wvalaaey rataa at 
e-«ka»ii«| kdtiiaaa tim yaaiattiai ataa md atpItarlaS llfadBa, aidl af tka 
7r*lMii^la0 katwaaa acMaitaa ataa mi tka vaaai^l mtygmt Baia baM 


aatt«ata4« 



Iststdaetioi 


Swrittr tttidtM «• im m^Cl^ maS tli« wttfl i« 

elittfttr ¥ tt« TO** In wm^ »m C«®0g aikm tli®l tHe {>8r«itg»«tio rmmmm 
ap««tr<«i af TO** lea la tliMe ©Rfttala 1* IwlepeaieBt ef tfce ertaatatlea 
•f til# etjmtal itftli vii^et t# the aifaetlc fl«14 tflrtettoa* iadieatlTOi 
that th#r# it at ertmatlea ef the ¥*p 0 head lacit la thet# 

etyttelt. Ot the «th«t headt the werk deserihad la th# aarllar eh^tar aa 
¥0** fa iNitaaflaa tlairtaaa (Ehl) aad MetaalBB alwalm» alawit the 

Kotk «f laaeeiitaa aai tleakiaaaa* aa tahidla# alwtatni IthAl) mi etiiim 
alwIaiM (CtAl) tlaat ®ad that af Sarcham aad Ilitaehl* aa Tattaa aalt, 
the# that It it ttiai^lf aagelwr d^aadaet ladlaatlag th# axiatmee af 
|irtf#rtad eflaatatle# «f f-0 head. Earlier ttadlaa^**^ #f traaaltlaa mmm 
Seat la ala# alafl# etfatalt, hst# fiewi iatmastlaf lafewiatlaa aheat 
th# ittaatar# al altaMf# the a*apk af MaBaaftaa aad lltidilat## ami th# 
nark datarihad la ^nptm III thaw haw th# preaaaaa af TO affaett th# 
tttaalax# af th# iNiil lattlaat. Th# prateat wafk aa wathyl nwMialaa «ailiatt 
mm) mm d^ with to ** hat h#aa takaa t# lafarwatlaa ahawt th# 
#ff#el #1 TO a* th# ittaatar# ef the «laii»a«d alt# ihaat the atraatai# 

#f th# vaaadrl aa#fl«h Ih 1*^ ftyttal# It wia heyaf »l«h a aawpttliaa 
«f th# f#tatiM flMalWMl la this alwi with thawt kaoiM la #th«e alawi i^fht 
gf at iia# iadlaatla# thaat It# ittaatar# ( 1 13 at K 



Sirttetatr# of alawi 


Tfett stmetm* of oC«t|rpo of oltaii it doterSbotf tii «dii^tor SII« 
Tlio ^ ftltat tro dotoftbed btiriog povfootljr rogular giroopt of ootor 
iiel«oaltt» tbo mam of tlMi oetahoiroft twlog OIrootoil Olooi tbo ooMo 
•sot of tbo oi^ftidi, 

TliO fioitlf to iibtf^ VMS alwt bolomis bat ai^ btoo giioo Is 

8 

Ittofotofo • tbo XAt* SbAt« mm Ht^Al olont boloog to tliox-tfpo lAllo 

314 * 2 

CtAl alHO Ooloost to %1m stadioa of in to IbAl and Coll aiutt 

•mi tbo wonE doaofiboi is tb« oarlior eb^tov os is KA| mi 
a loss tlM«r tbat tbs btliafioor of gaArasagsotie rotooaseo is tte cOtfpi 
•IWBt it diffsroiit tmm tbat is p-tfgo alisM. A oosgarites of tlio 
of 10^'*' is tlioao fiffitals lAti tfcal is MAS alas will bo sado is tlto 
tattoir iMift of thio i^a^tov. 

&icpoflaM»tal isrooodsKo 

24 * 

Silvio ffiifitols of altaa d^pod sltb W too tro gross 
hf slis tvagorallos of tho satsratod aolstios of tiw alss to wbioli &.S 
solo gorotst bf soiig^t of mwadyl •elpbste it oddod ot as isgoritf * 

Tbo wtfatalt mm fossd to gaow •• ootabadrosa aiitb soil didtisod [111] 
lilasaa is tbo osioi babit of otbor alsat. tbo vosotsii^ osgortsostal 
dotaila a»o tiiio oa tboao gloos la lAii^or II. 



«ni disoassioB 


2 # 

tkft wm of ¥E> OopOd In If^ olwi tiaglo 

rooortfod «t 0 IOB 9 tfco txftuiimt^ie <100> 4 tr«otl«« If thoan In 

riffRVO ty«I. fht ffiiplnf oorioilM of th% fpootviMB Is ftodled In ImsHi 
[100] soHt [no] {tltmis* liiOB t!^ ntafsotie flold aasilo Is oorlotf In a 
[lOO] plfiMi, ooeii of tho rtsoii$»iie« Ifnos alitelt oppoored staffte In « 
oiqrst.ollop|>ldio <t 00 > dftootion i^litt into two* and wli«i too snglo is 
vorlod In a [lto| piano# tOo Unas split Into four# too aaafnttndo of t&o 
•plittinff I>ofn 0 dSffarait for diffiroit linos* k oaxioaB sopartd^lon for 
ono sot of linos Is tmki at on aiglo of ^ twm tlo erpstallopraplito < 100 > 
dirootlon In [lio] pl«o* TSo ®»S spootmn of Ion In tola alon at 
lat ttsplo of ^ iwm ofystaiioBrapMo < 100 > dlroetlen^ in [lio] piano# bt 
sPowi in ffspio IV*1I* 

Tlo romits (rttalnoil aan So noil nn^stood M ono nssnaes tint 

> 

snOstltatos «n^ ion In tlo orystsl and fowi a oonplt* t 

a diatortod ootaliidfoa Hltk a 8 ^ aaoanop aloif witk TO Oond diroatioa as 
la tlo oaso of tlo mkt and Csdl alois^ aad MB^Al sad KAl ainna (eiiapAor in). 
It hss boos Isnsd la tlost alois tbat tlo prosmoo of T 0 rotatos tbo 
aotalodtoa of nator aoloonlos br « to ^ fran Its oridlaal posltioa aboat 
tbs <lll> axis. 

la tbo OSM of tbo KbAl^# KAl and MH^Al alios Icbaptor 111) 
lOlsb balaat to tbt oC-tfpo of alois# tha f-© boad diraotloa oofnoldas 
ifitb oao af tbt Ofiilo mm of tbo wystal# abllo it a^oa aa aagla af 
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ftmt iv-i. 


24 * 

SFt simitTfn 9t W ioa ttt Ml® aim tli« aafattf* 

flaw slaag tka atyatallaavi^ia <100> iHtaatSaa at 4aifc, 
ttaaa »axt«i **i* art *«a ta tka taaaalttoiwi af iaa kavlsf 
tka f*0 kaiid nt m aagla tf ^ idtli tka iia§aatia MaW ta4 tka< 
MaTkad "b** ara aaa ta tfUMltiaas af Urn ktali^ Ita kaatf 
at m aagla af % ^ with ^a ttagraatle flaW 4lraatfaa* 





if 


FKWit EIR 9t im ^ptf4 !• iii oliii wlti t»» ii»gi«tl«. 

#f«I4 Biakluf iB^l« 0f ^ imm tit* «ifitiillfl®t^l* <«»> 
mm$m I* til* rn®] I»li*« *1 Ufiti ni*Yt«tf «*** 

»f» t* t%« if«*$iti9iit of V® to* imMiif ito* f«® *o»® 
tX**® til* «llv**lto* «f til* »9gii*tttt mu, «*il th*** «&tf(*« 
“k* »f« in* to troisitloni #f f®^ f** kovi*® Itf ItoiMl 
p«V|M>ail««liir t* iispiotit ff«M ®tf««tfo«. 




tlNHit si* mitli tli« euMle wdis In tfce eas« ®f the C«Al lAleh belei^n 

t» p-t|pt. The airier vatlatiet of the of W S» aim t» 

tho [no] Witf [looj jpleaof t« fottiid to he maetly ilnllar to that 1« th# 

CiAl alm^ sngtitfllim that the 1116 elai ptehi&ly eotiospootf* to tho^tfpi 
of alma, iothjrl urnmlaB almtam tMAA) m4 aetliyl anoealwi ©hi-aolaa 
(HAG) alwf haloif to the |i-tyyo. The iadteatloa that the i ^6 aim hei«a«f 
to the p-typo at tho iAA mdllAC alma i* coBilstaat with the sa 90 oetle 8 
of Llptoi md Boefff*^ that the ilao of the woaoirelmt Im It •solely 
votpoatihio* fof th# h«^atlo«y of almtt Bmwrot the tiao of the tolvatoat 
lot It alto haem'® to play isi loponaat role alaoa HhCr and C^t aims 
avo hath of p-typo mtlo «bAl holoagt to c£-typ# aad CsAl to p-typo. 

The Eft eiq^fltaMitf oloo thaw hew th# alme or# <rffoct#<l by the sabotltatloa 
of la th# plae# of the ttimloat loot. It ^peart that the tlooo 
of both triraleot md ooaoraleat Ima la th# alma aro jolatly rotpottlbl# 
for tho hohailoav of otmo. 

At tho omIaaHi tprood of tho EPE ^otrm of yo to obtalaod 
whoa B oakot aa aiglo of # with aGO> mis la tho [lio] plaao H It 
Itkoly that th# he*S llos in that dlrootlm* or aoarly moat that 
dlrootloa. If fwim Bh# •!«» oryatol boloaga to tho p-tyyo of alms th# 
eahlo i«ot of tho ootfhodroa of watoro md thoso of tho eryttol ootaefdo, 
mt tho iahittttttloo of at ®o^ sit# probably twiitt the ootihedfoa 
la saoh a my that It# oaMo mao -r# diaplaom hy ahoat ^ with rotpoct 
to thorn tho on»t#l »thia« tho y-0 hoad lit aoarly la o [liol plaao 
at aa rngto of ahmt ^ frm tho otystallOEtiiphlt <IO<l> »tlt. Ih m«h a 
oo4ot t iUT O irtll ho foot potltloas of tho T-® bo»i dlrootlm that irfll ho 
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bf amt t ttm a«»> # aoo> 

all faar |i«8itt«Ri ar« aqalaalaat aatf tb« obt»liw4 is ?»s sbwia 

la FtgBirt If-It alMiill tb« Itaea «ai^«4 *'a'* e»ssat|>o«« t« ^ whilt tlist* 
•sflcatf **!»'* ta fO® + ikta tb« aiHiaatls flaw Is alaag a 

f-0 baiW ditaetlaa tbara aia tiitaa ataas f-0 baad aistatlaaa a^lag atffaraat 
aaglaa with tha fiaM dlraatlaa taa the llaaa art a^etatf^*^ ta split lata 
faa» (rigara It Is elawr ftaa FIfiir# If-ll that all tha llaaa 

art aat aalfaxiilf split* Tha Haas with Bj « •’7/2t -S/S* •3/8 ^ 
ata ha alaaflf aaaa l» tha Pi^ra ta ha split lata fast hat tha «at»ai 
saparatlaa af tha asapantats fa 4lff«faat la all tha Haas. This aaggaata 
that tha aplittiag la iapaaiwit aat «ilf Q hat ptah^lf »!•» «» tha 
walua af Wj. Ihla iapaaHaaea af tplIttlBg aaawia ptabahly *ia ta tha 
41ffaraa«aa la aapitf gapaadaaaa af dlffarast hyparflaa trsaaltloas. Tha 
aagalar aaaaltlfltf af aay llaa aaa ha alaarly aam fraa tha slapaa af 8 
(aagattia flaw tasaassaa Talaaal lafsaa © eartas far aiffaraat traaalttaaa 
(aaa flgara lll»f isf a«^ aama)^ ^ aiffarwitlatli^ aipiatlaB <2> af 
ohaptav HI aaa em aaally aaa that tha slapaa 4#paa4 apaa Wj. thraa^ a 

teml. .* lb. w *1 ♦ »i ♦ 

aatafal aawilastlaa a# tl» apllttli^a af the Itaaa alaarly shawi tU% thay 
iwiaa4 fhllha this a^ il^aaieaea lAIeh rawilta la a hatter taaalatlaa sf 

llaaa af largaat «|* 

imaa 8 ta parallel la a ary stal lag raphla <l«»> dlraatlaa, aaa 
thlr4 af tha laaa itfll h«»* thalr syawatiy md$ aaklag aa aagla af ^ 
«lth 8 ahlla twa hf «haa will hate thalr s|Miatry a*Ia ai^lig aa 

aagla af % ♦ 9® wltli 8. Thaa la this arlaatatiaa tha llaaa »*fhi8 •h* 



t» rigiift If-I will ii» tir|»«ei«4 li® twit® ss latviii® at «f tlit 

llati MflfIciMi "«* tfce tfstoisttti’ of a ltB« oorarotpondiltfi to m low 

Hitli li Iho i«Mi as of th# o»« witli 6«#0 * Boivoior, ftOB 

flyttiro 1V«I tlioro It do Mtitiiml dlflwronet lo the Inteosltlos la the llata 

aiarltoi **§** tti *1}* • It oty l»e oetod horo tksi tocli a 4iff«iro»oe la 

iitf hat l»tttii ekteffoi la the ipeotrai of fO ilopod la aliai Irat 

aot ia KAKCtkaptot til) «»(i RkAt alina^, Fx«a tl» g aad a valtiot of tlio 

ipfotmai al»ifrfa4 la the ^roioat ei^flntatt eloasi the a»i«;lt (at «a saigle 

of ^ trm the eriralailoiira|^liio <tOO> atrootfiai ta [tto] pl«ae)« mo 

aoal4 oxpaet a attti talaot 9 m 1.9^ Midi a « 1906 i^4 ^otkoa 

with 9 w 1.919 ?tMl A ?i 6 for the oiioatotloa ia whfeh H la parallel to 

tht <100> diraatioaft It it ftiaai that the ifaat satfcett "a” flol4 the 

eoattaatt 9 » 1.936 ia4 A » l9Qi aai the llaet aarkai **!>** field the 

eoaataalw 9 • l.W lad A m 706 at «tpa«ta6, thar#^ eeaflfoilag that theta 

•re the 9 * an^ 90*^ :«plar partt ef th# »*t|»e4i«r‘ai retpe^lvelf. m 

a eojdaiai spread «f tha llaea oa^rs ahea R It pioratlel ta a partlealar 

y*0 haad ^t« the t^rttpoadluf tpeetraii la rigare IY*IX far B«*o°{s 

11 

aaalfied W eilaa fcprtlast appropriate far tetrapeaal spaMWiif aad 
the 9<»Aralttei aad the hfperflae eoattnatt are fleaa la Tdhie I9-I aloaf 

24 * 

with thote mmvmi far [VOCRjp)^] la ether alawa. It em he aeea that 
the tpla-Ritrtlteaiaa ooantaata obtalaed fa th# preaeat ttadr are aeorijr 
•(pial te thote ehterimd for [TOCBgOigl I* ether olwat glvoa la Tahle I11«I. 

Kltoa lea tahatitatea for a 6a^ lea, the defloloaor of the 
poaltift thiffe It «i hi eettpeatatod ^ the eroattoa ef a aefutlfe tea 
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vaeaifly af Mat atiait, Tbt prtsttt txptiriwittt ia^teait tkat tkt 

2+ 

tliafft tiMiptastiiag tltt U pvob^ljr tat fat ftoa tkt ¥0 im t« htvt 
aair attiottblt tffttl m tbt SHI spattrua af tke lot. 

Tht txIatMiee af teopltx kas ^ttt bf 

ttAciag tiMi tptltal tf^ittptlaa iptottaa tf m ia tbls almt. in^t sptffctMi 

1 •! 

ttaaitlt tf twa baa^a tat at tSVOOes «a4 tlia atlwt at ISSOOoii tkitk 

Ul m 

baft btMi attfibaliMIt bf ftaltliaaiffii «i4 ^tr t tt tM t^ m4 tbt 

**2 **'"*•* Fteii tbt MMtad ttatiltita tbt 

♦1 

0c| filat tiaraa tut It bt A^lSSOat • 


Tbt tt|»tte<»t bbttrptlta 4ata tat bt ettttlattf tt tbt iOPb tala 

.18 


by aalag tbt tiQiiwiaiMii 


fx "it 


«i) •«# 


t * 


A '1' 


AE(b^-» tor ) 


M£ 


2 

2 


# J 

AE(b2~^ b|) 


Tbt tapfiitlttt <l*oc^> mA iUn^ > ttt ttt{it«tii«Iy tbt 
ttftltttf tattf tf r-bt«6laf bttiMta tbt vantdliti im mA tbt t«iattorttt 
ligtiif aai «f tbt ^#be86«a« btlaaMn tbt TauMtliiii Ita aii4 tbt vaatayt 


^ ti^tltttlaff f„ # gj. # AS toe )• AKbg^ bjl atd a 

tat tta etlaalatt tlai ftlatt tf Cl» ai6 Cl«* 'iS * ipItHublt 
ttapllaf eoattatf ^ b»a btta mwm tt bt lUbaa*^# A»9 tt tbt rtatta gitta 
la tbifttf III. Bt ftlatt tf tai > bttt htti taltalalti tag 



m 


•f« Iftvtft ill If-Il alMS with %h&$9 aal)i«f fvt lAl mA le^Al tlaif. 
M t» XAl «ad WI^Al alws iChw^tmt III), tlw aoviaaiittf fnitt »t 
Is imrn %9 U mwf well 9mt«v that tk«% sf ^-bsatfiiig fa iiits stma, 

«l«i lias )nmm to hava a pHata tvsnsitlaa at ltl®K 

kalaif aiileli it Is faaad t» l»a f^aalaotrta, fia sjiaataa of 
aliii iNis baaa stadiad ta tka taaparaiara aaaia SOcP to T^K aitk a afaa ta 
iataal tko affaai ti tka pkata trassittoa oa tka spaatraa. INtt at in 
KAl lai slats (Ckiqitea III) tk«ra Is wi aasaatlat ^aaia la i^a 
IPi sptalfa sad tka j^psTfim iNMittaBt md tka g^valaa ara fowid t# ka 
asMatlstli' aaastaiM^ avat tka taaparataf# sa^a stadiiM, 



m 



in lAt nlm tit 0.3$ @.03 

Itt IIB^Al •Iw Chnptm III 0.5» 0*Cf? 

^...IL, 

VO la iilB itni 


IhrMaat atu# 


0.20 


0.010 
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mmmt 


fkt ftooraiiaffMlle mtsKasee SfHMtYa of V0 loit 4^pti It 

»9il CiiN(^ ttiiglo oryttals havo l)««i IxfaiUfalUMi atav « ifl4» tiiqp«riftttra 
irattf«« Roan tOMf«rat«rt tliiitot rovoal tliot tliaaro In a mf f»«l^ 

Jttititiil of 90 ioB, to hotk eiyttalt* is nsnilBsted la tite 

prtitnift <MP o aliitt taofcorpte Betol« oadilMtiag a low vtooenf 

iialofo. Rl low tonporatttooB aa Mlaotrofle afsooixan la 

24 » 

oMaiaNi ihit to tho atadarod rotation of tk« fO Im^ tHo aff«tfl of 
CallO^ la kia^MarlaR tlMi ratattaa of TBaadyl lea la fotmd to Ito ftoator tkaa 
tlml of K!40j|« Hio llaawldtba at toon to»|>aratnro aao foaml to iopoad 
Oj^ tfeo n^ waRMir« wd an attaint la nado to fit tko SIOMidl^ 

data of tim ptoowM; atwiy to tlm tkaorotloal «i{>rosai<MMi of Xlfotios* It 
la fOwii ttat Klfolioa*# tkoory oaa oo«lStOtlfolr aacflala tho i^aorood 
ftflotl^ of tfiMaitdlli with aaotoar oaMtan anadioa ii|» Int tho anpeatnoiilai 
data ooald aot ho fit o»ohtlt«tlwlr iRto tho thoovy* 





Wm wmnnm mt) «f m in 

mtto« mA 9t la tiQ^ aad Iwlieata that aatatlni 

tli« lattloo limit 1 ftraia® tatilmit bold with mm tf tiw amr^tts «l tb« 
Ittttae aai a mik boad «>ttk llvt otter mqrgoas locmiosr a digtoctod oeto* 
kodroa, Xi alt tkawe oaMt tkoro it a prolong orloatatlcm <€ ¥**d 

44^ 

ketaag* if tkt kmallad of f «itk oao of tko oagrioas iidf tko lottiim* 0a 

4 

tko otkif iwad Stttsy tad fcnkatoawarli kaoo roeomtif fO{Mirti^ fxoai 

94> 

tkolf itadjr of tko Sft of 90 ia m^l alaglo orjrotol Ikid tkoro It m 
pradotfod orloatutlea of 9*0 koad la tkat orpital. tko BFfi otodloi of 
f«0 Bioloealar too (a alaflo orftlalt eoa tkao ko mpootod to giio volaaklo 
lafoiaiiOloa Oboot tko atraotaro of tko oeaq^loa fa mAk orfolola* 
fattkor^ It ««• fait tkot It ooald ko alao latorottiaQ ki onaalao tim 
•ppISkdl»lltt3r ni tko dflfotoat parmi^Bctio rotoaotioa tkoortM diffoiopod 
for libido to tlaplo orystol ofatom oakikltlap ll(|ald«lik# iatiifti«idiorola 
tko 9«i0 koad kas m profotrid oiHloatotliMi. tkti ekaptor doatt litk tko 
SIR itadtoa of I® la IflOj tad CtSO^ alaglo oryotila ofor a »|d« toaN> 
ptratofo roacpt* 


tkoofjr 

A totrotaloat VModtaa too attk oator olootroklo eoaUgaratloo 
$d^ laiiati to 0 ttaklo font to 10 ^^. Ik# gioaiai idoto aplfttfag of 
tkla 90 ^ too wdor tko orrotoiltao ftotd opproKlasttoa fa okowt ia '"-t 
Ifgaar# V*S« la • mrrttollliMi flotd of loat Ikao «dilo(toiri®0tt8l 

«t liwoflt tko loaoat loool atll tio «b oiHtittol atagtot tad tko Wt opootinaa 



TO 


f-i* Sffittttdf «f '*3 st«t« »f thtt Mitim #t 

efyitttlllim iiipRMiilte 

f!«ld wi lntwfctlois* ft# «f 

tttcli tmml ft ffvwit l» 





ft 


KOSifttt «f • ttiifl« flM ttYtteter* lla«t tiiieli ftinlier tiititi Iiittt 9l0% 

IliMt u %U i»t«vaell«« ultk t)}« ni<tl«if CI« T/^>. m 

* 24 - ' S 

tfHiftiraii »f W ml^mUt teat is tsIsilMs is stsslly tfsterilMMl if 

• tfiiB* iMtllloalss sf tiw 


Wi \ 


fkks Mllt«ii«a 111 em bs tSlvsd is order t« sbists the »«pM»tto ffold 
rsfssasoo vslusf « mi# S'ogiwiio ffsid valsos sirs fivts by tbs lelstlos 


B « • %h/? * jl(I H) • ] 

tp r 


•( A * • i *) 0 * • ii ^ 

0 2 2 4 

®@ i p *£ « 
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..< 2 ) 
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2 2 2 2 .1 

iibsfs f •*„ oot e +«_L **» e * H0*J 

®p 

22 22 2 ^12 .2 

i«t ifT ■ A* f 1, 6 ♦ ® f 1 ft* © 


e Btiiig tftt sSBls botssiii tbs s*aKts ssd tbs divsotiss of s^smIs 
fitti* 


ispsvisMStst jprse^isTs 

24 , 

•li^ls oryttsit of KiO^ ««d dspsd «itb W srs frsss 
if tlsii syiBsrAtfss of istsrotsd sststlssi of tbs ssvfst|issit«f ^trrtifs 
if iftlsk I ns!# % by iisl0t sf nsisdyl sltfbts itm s i^sstssl 

f«»0tls» immm At nif WCl^) *• sdilsd S* st Inpsrlty, im Isftwssst 
•IMNI Is tli«w tsvtilffotioss Is bristly dsssrtbsil Is sfcsytsr IS« A 



ts 


iiMrtI tlexiMiava 4S4A tNfnio«l«etrie pmmt m% 9 w is a«»A t» nftsssrs 
•ilevonsv* pswir. 


BtwUt sad 4tseHtsioa 

T ' 16 

i*»tassi«B sitvsts Is kaaim ts kwm arag^att* stv«etsr« m% 
tmB tsaiMirstttrs and eatelta s%»et«Ys idMisa + tSICPe with « |»rehahlw 
f«vittls«lfie wttastshlt j^ats^ fa hatwcaa thsw. Caslwa altf»ta Is alt« 
haaiMi to ksYt a {Aat« trastitloa*^ at *■ 16l\ idbfah lavalvtt a ttfuetaral 
traaffaiaiattaa ftm trigmai to eahfe syMMtty. 

Tht EPR spaetYS af VO^'*‘ la KMQ^ «to tiagla ai^stols xweardad 

at difftraat taspaYatarw vn sbavm rasto'etitoty la flg»Y«i <. v<#It tad 
v*IIl. Iba spaetYs taeainhto »% rmm iaepeYatara shaw fsatto^e aetats 
tad tht llmtoldtliia att faaad to dapi^ apsa iha aaelasr gaaatias aaadMiY w^« 
fhtto spaatra art lafaYYad to • ta thia ahaptar* «• ^spaatnas amd 

**tpaatraH KCsIKl^)’* Yaspaativalp. As tiKi taaipaYttoYa ft lawaYtd tha 
Ilaaiitdths at# faaad to IttSYtosa wmi it baatBas dlffltalt ft Y^sagidlsa tha 
linaa fa tha a^stal at •ISO^ aad la CsNO^ aYjratai at »1ifa. M 
aattotfapla apaattiai appals to thaw ap fa CtHO^ aiiratat at ahaiit •lloS, 
lAtlla a aifltflat apaatnai idtawi ap mtf at ahaat llgald afttofto tawpatataia 
la tha atto af ttto tYpatal. lhasa aalsairrapla spaetta at liquid 
idltagaa taafarataYaa sia lafactod to« la this ^to^ar« as^apagltais 
pad *apaattoa BCKUd^}** taapaetivaljr* IRiaaa spaalto tavaat tow sharaataYistti 
psarallai aid parpMidlealav awsf^Msits Itowl tod as "a** «id ta tha Pl9aY«i»i' 
thsato tlMif era atowrsai to ha aapilaY lad^aa^hatc TtMi apaatva I aad II 
•itostaad hira ia 8II0<| aad CstK^ att aeff aato ateltir to thaiw totulaad | 



riwis f - II m «i>«0fcirt ®f i» nm^ »% • i5e\ mi 

«• Uati nai^atf *9* »r« psr»ll«S triMftttiNii 
mi tiatf siii^ai **li** tm pmpmiimlm ivwi«i%t®iis» 
Sbm finNAicl mi tfimtitiiMif 

Itt tfc« etttvtl pirt il lti|iili 

t«i|Hrtii«r®, fli« ppmttrai it It twirntm t® tt 

wmmtm t ati ill* m it ^1%®* tt tp««tv«ii II* 




ri«i m tpmm «f §• t*m^ «» 4«s* §• -toV *iio*i 

«Mf tliiii «Miirit«di *i** ift {»ar«ll«t truuiiltlinit 

Um» at# jjtrfwn^iwlikv tviMiltltti. tli« 

«f tlt« ipivetimi e«» Iw *wm at 

fitallk# i« 83100 >• $mm pwnUltii iMd 
ttm^Himu »wrfp im tk« nwatrat part ®t flM iptarttwi 
at 11^14 Bttr«ft« tanpamKtsrt, tlw aiMMinat at *wf^9 

M 

it rtftrtiid %t 8f ifNtttimi 1 mi ftt #st «t m%% « §• 

ppNplil^vMH! wj[ • 
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fO in slngln ery$tai^. It e®B also Iwi men tkat the rean 

tempetatttrt spent t* KKSOg) and KCsKOg) et the present super laente ere 
siffiller to the one reported by O'Beiny® for ranad^yl ebropoip hirlaCVIPI) 
la beaseae selatioa, «diile the speetre IKKMO^) ead IICCsMO^) are slvller 

to these of fSPI dliselved la high rlseeas ell sad of solid esf^altimes 

1 24 " 

eeataialag faeadisa porphios* • Boreherts and Klicvehi report^ai for 10 

la polyerystalllae tattoa salt a speetrua slffllar to the aalsertoplo 

spectra II obtalwd here. Bonever the pesslblllty of the formatioB of 

pelyerystaiilna saaples at lew temper stares In the present study Is 

elinlaated as the traasfeniattoB froa spectrisi l to 11 is feuM to be 

reversible la CidfO. as well as la 

3 3 

the above siwilarlty of the foataros ef the m»eetra obtalaed 
here with those of tho spoetra obtalaed for VEPl la low aad high viscous 
siodia saggosts that KNC^ bohavos essentially as a li#tnid fer the rotatiea 
ef the Ion. So all orlsatatlots of 10^* Ion are possible ^d there 
can be readjuste^lit ef f-0 bwid aids froa one erleatatioa te aaethtr 
resulting la a raadsni dfstrlbatloa ef V-O bond axis. la tbs case, idiere 

the nelecule Is retatlng with a shorter cerrolatiea tlwe, the Hawiltmlaa 

S IkO 

111 rednees te aa isottepic Hsniltoniaa with * 

f^«(l/3i)(f„ ) 

f)iii ld *(1/3) (A 2 iB ) •••(3) 

mierefere the Isetrepy ef speetre KIBO^) aad ICCsNO^) at reen tesq^ratare 
Is prebably dae ta the fast reerlaatatlea of the f*© bond axis, i^ctrua 
I Is analyied for both eryttals aisi tho spla-BanUtenfan coastaists ebtsined 



T9 


•ft glvtii It Tai»l« 

If tht «stfrtlati«Hi ti»i ftr tfe* matitt «f tH® 1» 

tafflel««tlf tonSf tha RaniltiNeitaB <l) It «»it 

IMI »»f4 wlti mittabla attfafa tf tiKi alStsfi^ tratsltlwa# attf all 
ttltaita. ©•ttillf® haa olitaliMHi tlw attas valaaa ft* lAa lBN*l|ttRla« 
|)tttMV&itloB Ibmff aiMI aalaal^itaR th# Yaaaltlas H«i skapt far ®t«^ 
ftliit af iij f*f f p I ^ A awl »• fita tpaetawa so oHalaad Is alwtiaf 
to ttia spwrlfa XKiCfK^} awl IKCsMS^) ifeowi I» flgeirta f-II ^ f*in 
ttapaatlftlf* Bm» to %lw atollarltf of tfco speeti!’* II wlt^ tteso lo 
fifootti solatieasf It «ias fait that tka i^sotiaplc ipaetra «ra 
too to mnatvatf a»tlo» of lot at lla«M oltfafea tawptriitwo* Ftftfcar 
It Is tkat idiat Ika a^stwioa eottalts ttaWstlaittl^ tijettoi 

loWi tfca fosota'te# ifooi ora RlattllwtwS for oacfc «j aalati btttiioo ti» 
tstfioo pofitloti iRiIak art akarsotarlstle of tko parallol wi^ ftaipwoll* 
etlar oflattatlawi. tko fHWallal aowiwtoats «ea w*poeia«l to kt of 
’^w»rptla* tfpa* toR tko parfHWidl talar wopoiwatt ora ajQHii^wS to iNi 
of atlt|>artIo® typo'** fyaot^ra II Ckotfc It iJfWg »o4 CtROg,) of tko prwatt 
•tol^ oottalt tkti# ptrallil twS parp-fwll^^alar eowpiwwatta daslfoat^ wi 
*0* ifflf *k* fooj^aatlraly* It nay ka tiattlati^ fetia that tha otlilwteo 
•ai4 tka fktpa of tkt tpaatra II hara baot asoartafioi ky ttt^flOf tkiwo 
•pootra at 4lfforait pooar larala il *»t0.32 aW wtl 116 \^9h tha 

iWlwasfty «f tka i^poatro Is fatoR to Oocraaoa irflh tko oaarotwi of wlaro- 
ifiWO ptoOf, PatOftr tka ralatira Ittatsltlai of m lltat iW Hfi ekwiRa 
fkoolBO aloarti tkol thara tra «» aatantlat tiimU tktt ti^a^iea tko 
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MWt Tlw •p«etr» II if* «i»lyjiw4 

tl» ilinltt«tfMi O) tad eatstsats t?« fifta la tiitelt 

It ifaf paiatad aai aarltar tbat tsattayle ayaatVM la 
faaitltad at idtaatif wTlfa, tad tlw aalsatfapla i^^faai hm i^wtad 
aaaiiiig a|> id *110% idifla fa tka tpaataw X yaaft^t at aad 

IMIlt tpaatfiai XX aaaaa ay at liffttld altrogaa teayaratara* fUla tkaaa tkat 
tka natlaa at Wr taa is kiadafad at aosaiiliat it^liair toapatatairai 
la CaflOji tluia la fadiaatlas titat la mse« atfaattia l« ktadarlag 

tka Hittaa at tka wiktSfl Im tkm tm katk afyatatat at tka %•»* 
y«ratara la l•ayaa•all^ tka latcKBalty at tka lta«i daeraasaa «b(I ttta 
4p«!itf«ii kaaaatf »aif aailc akava a lOfi^a n^ay It dlttlimlf ta tNstaat 
tka attaat id tim i^aaa tv«ialtf«is twaatiaiMd a«rll<wr« 

Tka a|ila<4laallt«ilaa ewaataast aktalaad fer tka ayaadifa I mi 
II la katk efyatalt aailafy tka anaatlaaa 0} tkaa taaflxatii tka kaala 
at tlw aatlyala* Ikai# katk cfyatal* at* katlag tka mr^ms l« tka 
lattiaa* tka laa la lat tataid ®a kaw mf diatartad aat^adiat 
aaaadlattSaa at eardtaa aktak aaald k»vt fataltad ia a ^alwryid aitaa» 
titlaa at lit katd ailt aa la tlll^* aad ^ lailaata 

tkat tka kaadiag kalaaaa tka at traaaa lad tk# aaroaa ataaa l» tka taata 
graafi la attaat «»atfl ^ atawaa# tka femitiMi at a dlat«rlad aata* 
kadtaa trftfc tka laa. It la tiftlattlt ta d^lda akaat tka yaattlaa 
at tka im la tka Xattlaa aad sita ^baat tka aata^atai tiittaa 
MMda« wi tka ayaatia atidttid Rta ai^lar ladipwdaai* It ttyfiiaa 
tkat tka alfaat ^ tka ayyatattliia ftald la aat ai^tiattly aa^i nayakata* 


18 


mmpttm ttt tU wmUm of %u li»» «i im tmpmrnmt^, 

9lti^ «f It^RddilW 

At tlw pr#»wii SPt tt8^«s elt^tjr ftdfeat# 'Mitt fa l» KSC^ 
mA tfiitlilt ftttstisllf 9 tt<pt(i lilw a^avtdtr at fa? at tiif 

f8raiii0««lte fttattsuet attl sara it it ffit tilat ft 

taaalA lia lilianitttaf ta tuanlaa Ua ai tli« axlatlai tHattlat 

•t parmiasttatta falwatlaa it llntlAf fat ia mA Cai^ arratalf. 

itCaaaall^ hat taaaattmaA a aaaiiaatMi tdiartir taa ^sattaala 

ataltar Ifprllaa iataraellaas a«i ©aatrlbata ta |^araia8a<«lc tiiMi Iwraadtoalt® 

ta talatloat* aat this bvaailaataf eat ariaa frm liatii ral«catlaa 

m 

tfj) aiii trtattairi# valiacatfiai irffaata, l»l»t KItalaaa A®t 
tiitt tlia ItMmidtlHi idll fcafa a arnnatrfeal a«|ii«tiHM»a apaa tit© walatf 
i{>la fiamiii awawr Iii|f t.a« tfca llaawlitltf alll li®»a a Ai^iahwea If 
tlNim It Itatvaff It tHwiaet Nit a^ ia A*taaaaa* If tka iMmt'rvfif 
la A It aatjUilAta Itlta ta «} tN llaaiit^t Aa aat AapaiA m Bj. If 
tN aattatxa^at la Ntli § «ii A taatavt ata ai^raatabla, tN HataWtkt 
ata faaiRt it Asia ta Miaaatrlaal 4^»aiMieiiea at »j# i*a, a llaatt ts nail 
•• fiaAfitta aN* 8t«a** Peka^^ Ataa tkawa tkat 8aCa»aall«Klaatfaa*t 
tfcaaiir eta tutiffettafllf Ba»lala tN #f la Ia 

tN aNttlea atai N AtfiN nA psrtta^*# tN atfrawlaa fat tN llBiadWlM 

It flfta N 

!/• • ^Vf la j a iji Bi i- tg m^i 



is 


wlitr# jir/mH A 'Y ♦ is iVli] * « 

»2*-T [(T/IDBA^ i^] 

8«i «^W (kVlO) l» «feieliAl» %-1i *«x5 

«i» B ) ai# iL « tl’i^ 

fp 

t is i$ 9 t»r wM§it iak«f l»l» aeeoaat tit« 

««iifil89 • ffiMt l8Mri««le tM«ftQll8» 88i Is fsssrsl *** »«®^**^*** 
•St fss^ttss M SKelsnr srisutatlds Sj. tim ••?»••«*•■ ll»«ititli» 
ffivss SiwiNi If V8li4« fsl^set ts tit follsidiii essBitisf^t 
I> Ills s{Mistrsl llssf STS ts h9 wsll 

fft^urwi itMSflitk win mt tm sffsetwl if siwlsif 
tils tails <bS tha llasi, 

II) TN Saasfii %mm is ts iis tiMi Istgsit t^nf 
III) fis mdm%W9pf sf tks t^astss is ts !« fi^i* 

•Stiiat 

If) TBs IlssfBaies afs slsfs ts Isssstsiss* 
f ) tis sffsst sf tlw IstiwtiHile istssffitls^ 

srillt iStS»BStlsS SMlW is IfMHrsi iriltB tits BSdSSIltWSilsa 
milt sssB ssstrfBstlsas ts tBs lis«rf^B ssi ^ ««ifsstsi 
!• SB sMlIfs sswisst SB assttsasi msfS* 

IBs •afwrtswtsl llBSiilitBs mm <slsf»lBsi wItB 

ift 

, si iiiSfi sad Nks asluf tB® ssittlsa, 

s 

isrifstifs Bsimt alilitli) » ssastwt* 



m 


Tliti ftIttitfcM It baMi tm tilt a0sm^tli» tlitt tfc# |p«palat.fos 
bttwiiM tiBi 4lflftrtgl 1 ^ Itftls tt SBall. Ifct width tf th« Hat* f«f 
1*1^ tht iii4tli If t*Mt wAtm the eet«t »f liMtc It dlreetty iittaata# 

•id tilt wtdtiNi tf th« tthtr littf trt eenfMitiNi hy otia? the si«vt veltitta* 
tlMi lltiMidth tf the •! littf art mt the fl^rw T^4f mi ¥-f 

•Imm filttt tf titewldtii vemt at + 30^*0 It and rttptetletlf* 

theft itrftf fit ft fttf weti with tfpetioa (4) ehovt, ttdfettlim elttrlf 
that tht»| dinpewhttit ef the paraaiastette rtlaxetfoa it the east tf 
90^ it mi CalKI^ Is aliitlat tt that tf VO^^tt ttltti^ and thlf 
fett ettflnif that Ktftls«Hi*s thterf e»t sttlsfaetorflf 

tttlttt the ttrtfaitttie rtsetoMBt fttetnti tf VO dtiitd It twi 
fltflt tffttalf. Hfet e®»5tj»tf tjt *2 ®3 ctliailatti fr« tt|MMfi» 

Mtttal date tstav !•«»*• t<p#rt ttthtd. The i^tattata ^dutsited tm 
IWOj «rt t| = 9*4M« m4 •g = 0,l«W»t shlU tihett fer C«WO<| 

art tj = t,0l0«» sad a^-0.1tt% 

If ttiklto the milatf for =1 p /t. 1 If u •fj. > aed h* 2/5f h b ) 
fret itw ttiptrtttrt ^t* t»t tiiovtd he ahlt tt get the ftlwt tf \ 1 ^ tht 
«Kf ftt^tti for t^* tji Md 03 ffvtt If tut thttrr held food ^amtttitlvtlf • 
Ofltg Iht law Itiftftttrt veloti ftfAl nod h tt attetft If ttdt tt tht^t 
the ftltti of t|» tg wd tg It %mm of \ gt lew tttptrttiirt ttd at tmm 

B t wtvtr # It has htta foand that thtrt It at airtttttt httwiit 
the tetles tf t| Widi dt til Ittolit %) tittittd fnti tmm ttiotrttilf# 
dolt tod thtti ttm let tti^attrt data, «»rt It tty ht atatlottd thti 
Clvtlftt alto «d tH ftt it sffttwtt It ^h a tyiai tf wtlysts If 
tflao tit dita «f 0*ltlllf® fw? mt It law tad high altetfity ftltlitid* 



FI«1 f*If, 


fitiiiilos #f th* melmt spin 

^atttiw nailer f&t fO In nt tin rcHM 
( 430 %). 




»T 


F160EE ?•? . 


of llaoifliditb vi»r«ot n|rt tlio nnoloof spift 
iqpioRtw mffilKir for fO to ot fli« tmm foo* 
p«rtt«r« «)• 


♦ 




89 


tfc* fiftnlti «f a‘T iMdi ti null «i^ r*eli » 

dl titfrMiitiit twla hvmwtf tlit» m«f sot be ©ee*l4«rabl» «• the lew li«i» 
perstif« f ,, , f , I »i« a nwA tb* ww tae^eretnfe t»A are fmitf 
te tatSftff ^e e4)«aileas (3) . Hewefer there fs e {^eelNltltf lAet tfce 
teeperetet* 4ie|»eiMh»ee ef f „ and 9 ^ mf be raefc that Cg„ + 29 ^ } it 
wierly ladefitiidfit ef t«e|»tretttre while (9,, • flj_ ) I* ^^ideet ee tat^tetwre. 
end fliidletly tm h tad B • 

Ml the tei^rgtere it lewered the lleewldthi are fmad te leetesee. 
The leefdeee l» the lletirfdth it erefewbly te a larse extett itoe te ihe 
leereeet ef the cerrtle^toa tine. 
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1, %, 8« m €. Klkneitt 3. eirni. Pllyf* 40, 3^0 CI464), 
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4* B. 8t4iitf, fMl. B«f* 12, 441 (lOSl>. 
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Hi* fitiiiigg«tt« ftadltt «f tfufiatf it 

iiiii®j «ii tfstit ttfstait %tm b«t» tf«» • 

irlijNi At roon twtfmmtmf m ftttfUfie t«t«t wAIM* 

tfiif itj #f ItMMliiltA If ftefiiifd l» all tiiftt etfstala. m 

t» tkt iarlfat #iipt«r ttla la tlwaitt ta %• iaa t« a tatf 
ftft fiiirfJaitiHint af W?* Iwaa alifali larfi^t tli# wr»%m ta vm affaatif* 
tl«|iltf nitli law ftiaafttjr* At tht tanpafatara If lawwai lialaa •ac^t m 
ailaatfafila apaatiaa If aMilaatf i*t W*^ i« la pwwmmf 

«aa ta m%m%m af Ian, Owi^iat laity aaaaaaaiaata aa m 

dayaa aaailiaaS %U aarltar ftaMai tdilaii tataal at laataata la 

•paalfta mhm af tlia mium mm -llPa, Tfea aia^tad wetlaa af taaa- 
dfl taa Iwlaa *4«f a Iwiylta af mtmm mpmmim la attrt&atad ta tiia 
affaat af aaiftaa af laat aa iaa» Ifca wiiaataapla aj^taa ata 
abaafaad fealaa -8#a lai *1%% la tlia aaaa af »a(i«9|% m laaya* 
atlaaly. i i«^«riiaa af tit yiaiaat aaaaita* tdtfc tHata af W la 
mi dlaatataf la *l* mgtim alayiaff la aeaa and tia ratalta 
ftta aaailaad la itlidSaa ta tIa mtmilf tayattad laa taayaaatata i^iaia 
tvaatlttaat la tlaaa «(yfttla* ft ^i^iWa ylaaa trataltlaa araiadt 
•ll<f a la ca »5 la wiPaiaf# tia «, ^yaadaaaa af tia llaaaldtla fat 
tia if tiif taipattiftita apadlfa la atadlad aalag' lllfal.aaa*a faiatHaa# 





SUfwiNietlet 

iMMif tlii •wrtfct v«ia4fl i«Mi Is tl»« 

•li^ttil mA kit iMitai tlw tmkjltet tf «i^r ®ptf«al wtA iiafBiili 

Cvyirtl^alKi^l^ii tpUctt ant isifMlli fta^iftf at mmwAfl eonpltwis ikM 

# 

tkil WT tlwairi fiiHitrt et«iNilaetiNI t« alktr gfittps kttfc In tkt ttili ttst* 
Mtl i» ■tlMtfmt* A ftflts if •leetiwt ftr«i»t»«tlc »•#»««»«• <iP») ftwHei 
fs t ftflttf #1 tfftlalt k«i kttt tfdcca «p ta ttwljr tk« ttvattiita 

•f fMimifI «M>{>li]|0t IkfMA it Alfftrtst erfttatt mi «1*« tn tta# tkf 
•Iftttt »f iHii fikiit ttitiiltltttf It tiiisrlt ©tfittli #t tkt 

ttfitltr* tf ttttltt* I«Flftr «k«pt«n Atfcrlk* tk* ®t iptttrt 

tf 1©^ It jtHtifiiiiii mi twstrtiti alwltwi ilnttSt wttkyl wwiwiImi 9 «lltae 
mm} atfK ill mA ctna^ tltglt ifytttlt. to ^If imM f iitottitin® 
tflvtltm Itti it tlMIt UmAm a titkit [wCBgO^gl ^ tii^lttx* lit It 
*II0g mi CtiOg fsyiltltt f«i it fttti tt tt^irst t f»*t 

at ftw fttallit© It sftttffaf of 0 Mii A totsofrii* glvlnt 

fiM tt at I itlftpli i^pttttiw tltk tj 4tfi«liteo ®f llttwl^lit* A titilaaf 
tpmtmm wm rtttftttf twlfw ky Stttfjr forttsttaiiirlt® it tit ttit 
•f 16**10 Ikt tttlot *f l«t It fttta tt fit klwlwrttf It 

tkttt ttytltlt it Ikt It Itiitftdl, fkt jtotSat ^ vatw^t lot 

fttt ki ti i yii itMirlf «»8©^ « It it «Pii^ at^ ttttlf ti 

It fkt ftlatlttly llfk imqitettatt C-»f «> at lAtik tkt 

tttitt tf tiwtlri l«l ft** it t**t*et I* pytkiklf *i# tt 

ytlwt owtfi^ltt attteltttf titk tkt trMtttltt al tfctl 

t 

tti^tt«t/« fit fttttti efctfttf ittif titfc tut iPR atatlM tf »6 It 
iMtit* atf itfltt tltfat* trinrttl* ttf I* « ttttlaattl^tl 



•f tii« mU9t m m m i» *»* ^3 

ullt it wl4«f ttftifti It it tils 


AW!«iiI«i iltffttt its pisst ttttsftlflts It tit settitlilt 


ftift^*® tii Itftitf tit im tt»ptr«t«»t fkmm tTs®tltl«t iittlftt • ttl«t 
impMisttt ti^lit It rnmmt tit mtim »f tttt^i »«« *« 

f«t itaiimi fliit itltit .tflPt Itspltt tf t*pt»tl»* « titt tts^sltft. 

Tiff itfiMWlttlti tit fi^Stltt tf tttisttfirfty pftftTttttif «f ftrtirti «iNI 
itlAtti® •*»< t«f fttsttf rt ftwt< tt it It tfftitttt tlti titft tt|»trt«i 
if tiit, m ftltltf tf tit fVttMt ftnif ttf^tsf titt tit taifSttt *» 
tft ftffottlilt fwr ilKtrltl tit tttitt tf ttttift itt, 

tit ftlilti tit^ltt- ftt itCl^Jj «tl it^S tf I* li#i 

rawttty !• »*«• • 

riKtUy. ti* w* «»■««• «• •» *»• 

« t« .MM .« M-l- -* - *• •* “ *“ 




ti^ttfattfl fftetttrt 

uayu «y«*»« ***** ■*** 

n. «»• ly •«»«•«« •* “• ••‘•***** •* 

y.M«f -an*- «• ^ -'«** •* ******* 

*«. . -MI«I M-M ««, - *«»a> *• -« “ - -'-***^ 

». ’• **•»*” “• 

IM .iMf «W*«* •* **^**'^ ** "* 

i.M MM -»«*- «*" »«t •• *•” ******* 
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f»f tl» oM|!ar«swiid pmnS^ p*ll«t 

•f 0*2 ms tHofciiMt SB« l«2 ms Is iimmut Is fitsesi Is SsSstwi tss 
^isllswi foils ttd sottStoA %«t«iow tm Ixrsts stsotTWtes. Vm tinporstsf* 
of tio tssfilO Is iittwfotf If SOSOS of a vm stastfaiNt eliroml««lwMit 
t^osMioesyitit* 19fai otaftvado masslklf fs flaestti lutlio a Ursts ooatstsof 
shlfli It oiwiOilsNl to 0 fatatM fisso* for MomirisHNitt of oasufeimltttf 

Ik 0| 

St • fsiotlot of tiis^f»o«rottio otor tfc« stsft e to «»80 « tl» ««s*wi» 
tlfltf ofti It llftt otoltd to IfmM sltrogts ttsforslsro «si tfcos slt«»if 
ollosot to stst tf* tto o^»f. of tlio tloxe»«(Mtplo I* irtNBitioi If ootwii 
of 0 svltfsott iHMmittiiMittt of lo©it mA Hortlfsp ort. Ho. tfco 

yotlittaot of ilo tti^o It stttsssi If sotat of o <S,e, loptlffot ooi 
•lootftimlot tiaOvA to sll^ fmm it f«l ftto a ttoMiltot* 


iMftk 

isaoff 

oO 

fttfuratoot ftotflisi oirttlt at tata^t CIO ) aoi oiAlllto 
pafsaoiMitio fooeowtto tiNmrfitlas 4m to tfco ttstlo 34 oiootims ffotoot 
li tio solooalt* tio asItotfOfle i^oottso aittf sti Is tis ftossst ttsif 

oat tot litSfpftItO Is Itssi sf tIs ft I lost spIsJiSBlItosIsO sStI tiriti 
11 

8:Sm€rtS7 * 
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»,»* * *. ». V *, *,» 


...<I > 


Is tit t t ff aiHMP'O tio istlooslo ft fotstlss slost sitl 0 tOffrttllos 
tiso ih ) s w# tlortst tlw ^ fo^frocal of tio t^!Oi4 of ilo tfooiti# 
is ffoiptMft tio ot^s^los in m4mm to os •looitoflo* isrtltoslis 


#,p *•*♦»*•*• 







i^tiiltt wd m§mmm 
(»)* iMMitfiii «ttm« 

litfttf Itc %«Mi tmvA t» kata tk« 

transit I 

f If ^ 

Wtmrnt oniisriiSii^le " Tiira«aSi ^i^fe 

Hw stfflitt«rtt af |ka«« m §« elasrlf iliwn |« tlM lltcmafa* 
Bowtfar, t» 4xf atll4 Mly tkt trnnsitlaiw tslt* 

til* trtAaltlaag Itnaitlaf j^att 111 ratwilra tka {irasai^ af nalstara^* 

(t) lf« ttatffat 

Hi* bp* tpaalfa af f® ^ la raearBa* at t«8|»ar®tur«i 

a*a thawa ta ftiairt ft«l * Hi* i^atmi raaar#*# at raw t«af«rat«ra aAii^ 
will IM faffarra* ta at apaatta* l aaatlsta af •■ iaatfapla aaiat akawiaf 
Sj Baptnataea af ilaMiiatli* stellar t* i^aatraa KCaNO^ aaB wm^} 
ta tka aMrllar akaplat. It It pfaaaaakly ^ ta a fast raaija^aat af 
awia<»ia !**• taiiltiai la tte avata^laB af aalsaitaifaa la f laia A taaiters. 
As ill* tsafHSratata Is laaataA tUrna^t tkt pMsa triHisfttsa taqattatara 
<f ft) tiM tpaatfsa 1 ttarta* imt$m Its ^iffa<^airlttl* faataff«a» 

It «aa k* ataatif ***» ia Hpra VI4 that at 8« tit* llaat |*t krtaMii 
sad tlM taa kt^k fiat* llaat m4 aat staa* pr^aktjr Aia ta l^f* ilaaalfilHi 
at tklt taafavatata* »N»* alfaais art aara pfaaaaaeaA at •8cf*. murntm^ 


n 


fBusi n»i« m 9i i« •2o^e md 

th« fipcetfOB «t 4-^^ « it mimitmt tt •• 

1«. It em letlttrly tttii tliat flit f^nrtettriftit 
fttltfit tf titwtfMi I tfnrti ilnttliiifiig tt •tO^t iiMlt«» 
tfitiiif tti« tmtit tf tifiMtcMNi Ktifttoii iNllth bttoMt Mr# 
|>C»ll(SaiS«»i ftt 




in* t!i« ft^8#tr«ple n^eim* »f« mt stM ii«tll 

tim h -20% 1^ l»r«iMiUy «»r«« 8 p 0 iid t# 

l»t«aNiil8t« i^aM tli« Immpte «nl trtiwtttiple ipMStra* nfkmtUn 

til* 0 fft«rt«i fwf mK^lm.9 8f«f«fi«^ imt af § awl a mlaati^at l« mn 
wtf iA th* SIM tl»* tk« eaaralatlaa ttvalji It t««ff 
fo? Wim im#ftllii muS {i«r|«iMite»l«r aanfawMBtf af « «k! A taatata ta Iw 
ataavty alwiii ii|r« H «|»pa«ra %k»% tba aatal af fcti^arat mtivm mm* fa 
Afcis ta^pargtiira t^aapi. Ilia a^yaaraaea sf aalaatirafiite i^aatwai INtlas 
iliaifa tka itiMHisatlaa af aatlaa at tkat taapwratara* ffsafa VX«II 

iriMim a tyf^aitt «ifiatf<^fa i^atfiai aamrItoA «l *80*a mA «ill ka rafartai 
ta a* afaaAfiai II. Tka tiaaa aariiad *8* ata yamillal aaa^wmta aai tkaaa 
aafiita *%** m* pnrpm^mlm ^i^aaatt. Ikla fa atatlar ta tiMt w^mtm II 
ai saiif ai ta tka aarilay akt^tav. Itta sya^naa 11 ffipiya fl«II1i ak^ tlia 
eharaatairfatta taaftaraa af a yimiaaly aalaatai aaaa#! Iai« mtA Ita aaiaat 
la eaaftiaai If atwl^liki It at <ilff«Nfia m' pmer latala* Na aata* 

tatlm dffaata aia akiaffai. ^mtaa 1 ^i«saf If aaiag tlia Itatiafta 
tpta>4laiiltailiM it} aiiila ayaatraa II It atalytai If aaSat tka tat a* 
ffailltaaiaaCt}. tka ataalMitt akiitaai gro la TaMa tl-I mi tkaf 
aalftff tka 

a «(|/k>lA#2R) mi^m U/t} ff,, * ) 

aaafliiiitif Ik# aatara at tka apaatta, a« tka tanfMaatata fa aaiaad idHiaa 

total taa|«iiMiatat at iikaniaa ta tlf afsaattaai kanNi kaw akaataai «e»a{it fat 

tka aatt alt ili^faiia la tattiMfty. Ik ikt ania^aiikta fAmm Ilf I tka 

llaatAftka wm laaat ta taafaaaa altk tka aatvaaaa af taaparalata aMkk ft 

It 

yfakakly fia ta tka immmm af aofy^tttaa ttaa . 
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Fieaag 


M »{ie«rtf«n of la at e« fiaas aaxtaO 

"a* tr# |^av«!l«l traaittfiHW aul |la«« RaarIcfNi «• 
fHtffMiadlaalgr tr^attl^. parti l«| m4 ptrptiiai* 

tfittltifait atari ap la tda aaatral pmt af th$ 
■pt4^nai<, Tktf •paatma t« raf«rr#i t« at spagtim II • 




m 


“mu f 1*1 



I@3 


M mmtimm tiriftv, in m^l tk« mtim fott lil«d«f«d 

lMit«ii tli« trmltlwiCiiftferlf at altlfiii It r«p9ft«i t» Iw 

idltti mmalttiit tattiee ^iitiNi«ttMi nAfak ia f«m i« ratpaatikta 
for litMiBftti flat Mitt^ of foaiMSfi foB. Tilo trantltloB f» owoMm olttato 
ftiai pliBit IV to f tavolvoi a ooIwmi «pitBol*>ii« lot tfco proamt 
ftotfioo ifaMi tkat tlio iHi»tt«i of v«»ia^t t<Hi otto iilwiotod So pkoao f of 
138 ^ 110 ^ lotfiito of tlo votiMHi ai^ooiloo aoO tkfo loalef votkor potoioxf eat* 

Hoio It oof ko oootSoami tkat tko «iii»tro|lo tpootfoSopoetmo 11 ) for 
W to lloClf ICl oaf met ort okootoad ooly kotoo * 1 ^ e . Tkoso oryottli 
mt foktill wop low toofMTi^oro pkaoi troaoStoM <oor tkop owttio owifOMi 

wttli vM-diOMio^ So kowMO to roadllf fioo o OSstortoi oetakoriroB)* am 4 

3f 

tlMoroforo tko ktnIOfoO wntloo of fe So olkalt i^lorliNHi, ewi ootolf ko 

fttrtkotoO to tta^mretoro fkto lt-»loilor to oktoli^ai anlt^tropSo 

•pootti 9 i <f 0 *• ftozioo oolotlooi^ of W ot fkoroforot 

tko oi^fowsit of wf iNitfOplo spootrsn ot a fslrljr Iil 0 i taiiq^ataaol« 4 Nl* ol 

to tlM pfoaiHat oaM awit ko Om to tko offoo* of kaat tattlao m tko 

V«i^| loo» $1000 tko oolaoo ropifftoA Oarias tko ^a»a trooafttioi 

o 

ta koooi 99 oloiiiHlool OMiOaottvitjr waaariaixMits ^ It It folt aaoMoaty to 
ito# tko oasiaottfltr of oaoaiSrl iopotf omoiriNm itf trot#. 

Ill ) ^oOiaOivltf wnmiMtMntf 

ft« ^otvSoal ooiiitettolti of Oofiotf otnoolioi oftoato powiov 
pollot fcoi koio atiMtlof to tko tattporatoro raoio to -«{f o« Tl» 
plot of oto«i#it 5 tf tattoo mm/i^ t it oaaoi^totip atellar to flffwro 8 
of INoiii oti INij 9 Poo*i popot® mi la rtiowo to flforo Iktf okowo 



101 


rTOii 


H# «l«etri«ial ea«dtiefi»o» at a 9i tmpmt^wf 

ta 8 tfrlad ^andar pallaC #f 4»i>ad tMtaafa* attwt# iltowlBf 
tlia If f traatltloa. 





1 # 


tftat wlwMi tlwi tvimtSttoa ttm i^»a If t» pfctwtf 

In tfe« vaiii^t 4apid mmmAm attrata alt#* 

Ha alf#ai «f ttiis fh»m f% »a tlw aatlaa #f 

vaaaifl l«i #4tt Hi aail#fat#aa at tla aatliaaiaat t^at tat i^pcratliai 

Hiftaf II# j^aaa la aataHiaBi altfat«« Plica# 1 af anaatf a# 

aftfat# kai # 1 ^# timatpip wk4 fa Ulls pkmm laat at# la ftaa taiatl## 

+ 6 
laNf Ik# iaat ir# ecapatattaalp ft## t# akoat Ik# tattle# • 

Sa |)iat# II fletttfeaaiH ika !fi^* iam wea m laai## la ft## f#tatl»a #tl 

Ik# leaf aailltat# kataaMi t«a 8ki9ft keaai atfeaiatfeat ta •ppaaitt iSteetloi 

ill itHi I ^ IS IraaettlHi tffqaHraiat# tk# lilad#t«[i#«, af th# aMNllea «f 

f#M aai at tk# tfaastattoaat 4{ffaif#a af le#a« It tk«a#i t« t# #a# 

I# m kiaiit mi ikta k«ni#t It l# k# #f tiuc atiar »f S t# 

to Hicl/aat#* PitM If ii «rtk#tk«Mayie mi la Ikit j^aa# iam ma 

latlMii ia I# « HjmmI attwHitiaa asA Attlkct tk# iiwialatfaMil tfiffatlaa 

at la ala# «nr#fi«il« fkit la tk# i^eiw^ fa liiltii tk# tepHtltf 

l##i «i(kiklt a ff#a f##ff#eiailm* Pkiam f is tatrai^at mui la tlail«f 

t« pkaa# It kat taw a ilff«taae« ia Ikt lattfta pmmmtata* la pkaa# f 

tiw aatlM #f fflia^ it kiaiarad aad thia frababJp aaam ta #a# t# a 

kmatif k#ta#aa taa^t aai tka mitpm at WB^ Seat* tkla la aiirtlii# 

t# tk# faa«ilea at Ml kaad atatiiHiaNl i^Nrat f« tk# artptt^ai at 

aoj iMi aiflai 1 ^II Itaatlaaiatl##, fwrtkar, tk# ^11## iticilaf akaii 

tteit fiaivifl l«a kaa a t#Mitaef t# tarn m aetafcaarM cAtfc laqriaai* aaA 

lifHNriilf la f tka iap#vtt|r vmts0t lom start tk« p#aaaa®i 

at aam»i tkkk «ik^*i t« ptar rata fa klaiarfis tk# 

aailaa at ftaua^ laa m tkaaa ^ a»t ka wgr iff# af kaikiai kakavaa tm 



m 


p$$tum imm* isstiy mi 

fit) 9 mtm 9 mi wmim ittr«t«i 

M 

UNttaii aftrstt It kmim to loot trigooot ifw atry • It lot 
• fViiA»«l ivoiMiltfoii^^ is tio trntfmrmm rao^ -ilflf « to + o# fWs 
tfMifttios Iff lots foftsi to love ai i^siNi ek««« Mioeot for tio folttotini 
of foteties #S tIo itftrato ies mmt tio trifoool aide of tio oryoiol. 
ioviw oStreio lo netted to love eoMo dMotry^ ot roeo 

too ttiqiorolofo olefo tvooffltlooi lo oikoll Oltrotoe love %&m foowtlf 

# I# 

ro^ttod If fwtiior oatf . flrtfcw Wmmm mi Mwmnmi 

i froiool tveoiltloo lo mm^}^ lo tio toaiMritoto wofo •!«»% to - 4 lA. 

no m ofootiiii of to m ot tmm toi^oi## 

to aifillir to f^poetfioi t ilooioioi diovo lo tio eoto of mmiw^ 

tio ^omliflitio »| #|piod»m of tio floowtOtlo* tilt olooo tiot tio 
■otfoo of fioolfl !«• Si on liiOwroi lo mi lolilQjilji tntloo ot 
voeii toifonemo* flo odootr^le ^»onfOBifi»tloi« foo«t*oo H ioSlowlif 
tio oorttor ootstSoo) tiflootlof tio llaiNffod 1101100 of %m vooofft ieo 
It oNnvii loloo -« 6 *« to tio ooio n Ooooiw. It It oot moo 

ootll •!%•« lo tio eooo of liillOj. %eitro 1 oro ooolftoO I? otlos tio 
Cflo-Hoilltofrtn ft) oof ^irt n oro molfMd If oilof tie iflo* 
ttomtooloi IIS* Wo osiO'flwIWortiO owitwito wo sdoo* lofWlo fl*«l 
tofotlor olil tiooo of otter ntritos. 

fo) iooortti eoMMOto 

fte iff otteloi «ioat»of itefo tSowSf iteo Wot tio vooterl 



lOi 


%m t« ttm u wmwim !%• urn tii nm^ im« 

sii il^ is fit Mi^srstf ss tlis taspstsliir* Is 

lowstid, flfiiiftr^ tiHi tsBfWNitaf* wils*^ tfcs mmmfm «# 

tf««lfiis #s»9»f fiitt t« «lMtr9|»le fs mt stn* i» »lt 

•fffftftit sHf tits tsn^rgisr* It ^rtettiittit tf titt pitll««l»r 

mt tktvtfftit If fitHNBtti tft.tsrrttptwi i» • «r ttm 

tiftllA* Hat f«l»«t «f itfttlitr witfc ftltsit tsitfStlts 

tiiiftfslafti iiitf mkm tsftttlltfttfMts tfstt tf tltinttf erystttt af tlit 

fiatfuti #r« I^fsii fa ttl»lt At ^ttttttd l» tlit ttrSltt 

itttlQM* llwi t4»i»i*ttMflr# t|^ -^«bIs 0 *• idtfc tl»« 

A«tttttdlt^ l« sail titt If ^ V fftta tfsattUta la itppm 

fftatljr tilt fifttttA^ ^latR traM^ttsM at mt sai^attilvatf la 

awl iMift m tittmt m tlw wm aptattt* TIm AlaAasad i^ttoa 

af ftaa#! tai fa titta tifttali tt «t 9 A*a It pmmlf • taii^a«iffa ^faat* 

Raatiwr Malwr ttlwit tf f|^ ** '*** ®*** «•* ®*^***^3^t 

ilwa tkiit titaa tttttl««i ktttat tficrttifc fa kfa«if|i» tkt aistfoa af 

faatAfl 1^ 1^ BaH^gijl ai irnmUrnat atrlitr faaMr wat i|slislais 

aitatfRi t smlAatat ^Mta tftasftf «»a la tit stafa •too^ a ta a« 

aai tiw pUmmt •«©•#) la Is aatasistal 

altti tkit ^kata ttnaaftaatiita. IBw litatfitfad wmtm ^mit eaaa ta ^tkar 

ita la a lat^ea aaatmtfwi iiNNi^ttaa tka fatasa traattliaa tiaitar 

%$ Ikti ta at ata la taaftat ttotlar ta Ikata aiaiai aarll«r it 

tki mm ^ ^ faaaaa wmm la ka law ilkalf at at Itatlaa 

aaatraitita wm tafattai ta tka law tw^watata taMafaMaitwa la titraiat 

f 

ItkaiMtl ^ipaaifaa af awitf t it a^?«ta 4 la tka aata af mt tka 





nf Ifttt tf to h» nmm to oil tOo oltvitM* 

Tliofofofo $Iiio«^intffO «f Itloitfli^ i^ttoo of voBoijpt too to 
li frolMlIlf i^otlor to l^ot to lo totli mooo It to otoi^i^oi 

^%U t i^io tf»i^tt«o ^ tlio oofftal. !• oowrly ••tl©*o 

lot CiNO^ OKfttol* ilo^iotlf tfto I to CoNO^ otOfto tooiog lit 

ikt^oitorfoftoa rlflil Imtoo wf^o m4 t^ooifwi IS to otoMlloot «t -lld*0* 
It tf ^Ito gfoiiaillo Hitt tiilt olioRgo lo tl» li olfo loioetatot 

otm • fiofi ttiotittoo fo C«iie^ 00 f tv oot r^tot olotvty • Fofiiot lO* 
i^tkthni^ olfO ItwH it Ititottloo of %im |Atto tvoioltloo ftt 
to ti# rttfo »im to -10*0 loi tto pvoMot ooporiiioott ftoo s alvotfov 
toilottloo fOf tltlt. Ho tVMtItlOO I* IlfObtOlf of too Ot4WMl»V0«f 
tyipo alolliO t® tliot lo otlMO oltvttot »*i tteot tot iofoloo a (OMtl^iv^lo 
Stitloi oottfioltoo* 


muwloi if 01 ottti^ to fit lofofootloo ifcott gfobaOlo 
pNiiltloo of towwtfl lot lo oitvtto lottloot to tto i^tlt wi 

T. otltto i*hlHi It toliofoi to Ho loflaowwi W tfco eiqifoo 

oovtfHOMiat* »to fl-ll Itoloiot tit Iwot tottloot of f© ^l«i • tfco 

If 

ttnia»» **• 

•««n «M*IMW «■< to* «*• •*'»««•««•* 

fftfoo lo tm* fMI iof ©liWj ttt fw ^to f»Haio, Ifcoto H^fo m 
mm rnmmm m Ivlftotl ylitto of %ooHro»ttOi»l« 4tto** 

0 Olffttwoto ^ ©**•! t to tHofo m$ Holov tio ttMirfowtHloo gotot H 
+IIS*«* iSii It It ttfWFiti*^ ^ OOiltloit of Ct+ loot too »«ff 
ititSo Oltoiif fiMploi tit pfooott ^ ^tot ttwoiltfoo* tHo 



til 


valit *f mi r«|Nwt*4 f« «^c wfmmwf «igF 

mm u fet 9mm mm tm ix>lfett»l tmtiviiir. 

Umi t«ttt«t n«t»l #iqi^»es ^ *a It tlit 

#••• ftf iwi tit m0.%m ^mpmwi t« tttt* «f ^ tk# 

•tiMiv k«Ni<i/rjj^} If Ifsrftr f«r RfliQj| wtt IB«lg tt 

iktt tf tkivtfiift If let «tt«rt til ttUMNi tcftktlt It tk« 

•tit iiMttri fitiNHr f»liftliwtl«nlljr m ittfratltliilf* mm tktt 

tiw mitiftt tf kt kit^tfti maif it iifiio^ «itf isb^ci.t. «i 

ftitiiftif wgi tttfi ttfitftf I tdift ft m tt %m mwmmm «f 

It tk« immm mmt vii# mm futmtiiiir tttpMMrfklt f«r kltMli^ ikt 
tittltt tf tiilt^ ikt* ttHitftti tkSt It «Mkr«fy tt Ikt tkttfttt 
ftlttt It «Nnw tfftttlf* ffetr^trt tit i^ftstit ITR tltdltt ttgfttt tfctt 
10^ '^Itt imm Mt ttttt til tktif li^lttt It tilt mm ftfkitiW mti 
it tmtft fi^Mttttttiilf la mti wm^ aMi ittttttitsiitf la 
Tile tta mimm §m tkt klfktt T|^ ^ mmrmi la tka ititat tttt* 
dit tt Ikt MlNw mtmm tf iia»tttil«B itmt tkt ta^rgttt tatpaftil tt 
tktt It m4 m tttttftta tf tiw tkiiat «rf«a«tti ifttttvt tkt 
lattfitItItS ft^tltt tf tittiirt <«« laW^H^ «td 

Utiilttk fftittl 

lit titMtfitlHi far tkt Itftrtfit ^ittixta art fti# tt dtttwl 
ta tkt awlett fi^a it tRttttttd It tk^«i«fittt m90m 

m '^It aiKji «ii etNkgt tti tt it tkt mm* tf mfU tiii natilitkt art 
ftaai It tilltif ll«tttta*t tkttnrf ’ tai iditf t^ aiq^rttrtoi 

ll/Tj) = ^VlWij+ % «i^+ «/>. 



lit 


Wmi *1# wi #jl art tfliw l« tmm* at tUm 

• Af = If,, • ij mi f =(2/3) lA » f ) ^ wm Fakt*^. *fli* 

tiMAntfflit ii«i«9 tiMi ikmm me^tmUm mi tlw 

ft|t Ajl itf «rt alMMlMMI if %m im^lKiN! of i««st fcwaMt* llwat «#wit)iiii« 
*1* *2 i^iwi !• Ml# fi«Ill tm Mffmmit attralaA* If* #«Rttittia 

ftwii la aatlltf i^^ar tat mi i*« alta taetaftf tat 
fla afiaaiiMit tmmm tia ahattwai mi mtmtmai Itaaiiiftkf i« tatlafast^tf 
lat aal iMtffait mi a tfplial axaB#l« #f la fR^Nf^ ia fl«a» 1* Tai^a 

IM ila ifiiB«fMlliaiiA«i aaiattaata mtaimm ttm t^amtm 11« 
tka ieaataalt a|f a^ aaf a^ am la aalaalatai fa mma af % » flaiMfar t 
thaf* If aa iprawwaat . Iaiaa«i ti* mf«a at a*a 4riHalMd ttm mm taa* 
fttaiafa aai tiw tn^aiafa Ma, M pataiai an’Ilat ilia aaf la #aa 
ia ila tan^atttata Itaiiaafiaaa at Af aaf H, A lattar taat far tia i^altaa* 
Ullif af if«i^aaa*« afu^ioaa la tia praaaat aa# atotSar aaaaa aaa la 
aafa If tia mttmm prla^pal fataaa af tka 9 aad A taatara aaa la aMfUiai 
at taiia tam^aum itaalf. Tkla aaa ^aMlf la aekSafatf If af^lflaf aa 
aatataat alaalila llaM «• mm tka aatiaa at vMm^t la* at 9 am taa* 
faiwtai* aai tiaia iafttiflaf tka Statn^. li aaaiMtItlaB altl tkla attm 
tia tkafiiat natla* ifttaila tit aaimtim aa taat airtf fmf §1 ailaaaai* 
tatalla. Mtl«ff aai ftlaaa^ amli iataat tka alMtrla flali «ffiaia 
ta wm ifiaHaa at irttfafcaaaaaa kf atf ag tka aiaalria fialia af attaiftk 
af^aatoaMOf Watm • 99 apatflas alaatrlt flati* a^lf ^ tilt aiiar 
la tka waliA I* a ^taallaa fwrallal mi patpaaiimtm ta tia aataiMt 
•agiftta fMit tmamt ft fill la paatl^ ta aktata A* i,, aai 1, f 
wmtammrn il !»• ta^wtatara. A afatarlaaa at tka laliea at aH 



11 $ 




irm tim ilitidiiii 

MMlfili «f «r f« 

v«ii i^imc fiafiv 


Crftiil 

*l 

•* 

H 

'i^ ii — — 

n# ji# nffmr 

I^(NI5(WWWM|n^ 



$.9i« 

n in^ 

©•43 

ai«p4»r f 

CiMa 



©aiw 

©•41 

|$t^pt4UP f 

iim^ 


$.%« 

$.1131 

©•4t 



xm 

9«$I^ 

$.siss 

©•«© 

fit* dlM^p4Mr 


umi 


$,1311 

©•SI 

flit tiifttir 



fm« fi»if 


Uiiirftftit f» Hi. HO. 

4 3 


■l 

lift fiitft 1 

lift fMftft 1 

-w 

MM 

MmM 


ykm 

I8.4t 

«iS/l 

mm 

n.a^ 

•l/$ 

MM 

»I.S1 

t/a 

MM 

If*8l 

8/a 

»!.1XI 

8fras 

8/8 

MM 

3I«88 

m 

mM 

48*88 


i« i« $, mm*» QM 



•MtlwNl ff«B % % 0 ,, mi 0t 0«14 «ili 

*»mM0m0ir llHi Kif«ii«ii*s ti««irr 1* 





m 




t. i. i* i.S# ?•%»•« frtiaiw'.iWi f, %«rt«l«t 

mrnm Ciwitti* ^ tH 

3. i. f, s««p, d. 8. m& A* mUrn^ J. Oim, fi^« 

J|, 88 <|86th 

3* X* DtAiiitiii* 3. 8* ii*r«tt m 8« s. 8»tMi»icr,x. mm, mn* ii» 
loif iimh 

4, f, f. 88 as 88 r«i» m4 8 . f. 8 « 9 «r«t X. eun* t%ri. mt itmh 

8* X. 8. 8iKtff mi 8. fMfcfitMirart** Xtl* t81 C1987I* 

8« B«A. l4N8r ^ S»V* Hlft. Hw, I8f0 

T* 8« 8^8iHll8i(lf X* 8WR^ilE Wi8 X« C* XiP#8flt(* X* CIwb* Ss#* 

Ht xuft iifsx), 

i. i* II* tmim mt M 0 C 0 BdUKmk nxr. 9»e*ft4Mid«>ii) mm§, Sfici^t}* 

f* I* 8* f9mm mt A* Kltfufcai, a«i«* CSMii. StMHttnvri** J|^ 888* 

umrnimt nmh 

to* I* i* fimMY mt A* ffiMkiBNitc IfriwA# 

It. 0. i. I. mm, Mf um nmh 

It* x*r*i* Xii mt 8.8. umw ^ mm, mmw, j» to cifiX}. 
tS* A. f« XipMMtiiliR mi 8. fmikBtmmwith Migi A«MI« Sel, 

fiBlixMli H pmnmmu 

14* 8. f. i.%cikoff, p^#« mv, J|, lit 

IS. f. €« Xv»ife« t« mm9($m mt S, 9 , WmMrn*, i, tmw, mm, 

fli«* J|» m Ittstl. 

9$, $, mmmtrnm mt K« mimmMf wm* iMAS. 9999 , iNi.lftifil 

5 Iff fltlf I* 



MT 


It* 1. i* i*%okoff tSil. !• 

rtifeitiiif« irnmiw^i eiitpt«f fti* 

!•* ft* t* wA I. *• 

isi, 4SS iimu 

It. C. ftaMI «»t 0* ftiawwii* J. CImp. I%fi. 1» ^ <IW)* 
m» t. I* «N». f»f». jg* 

ai. i* 1 * m$ «.s. >«»•• t. efcpi. rfcf*. ^ titso). 

ta, c, «• mitif* «••€* <it66). 



caiiiriis fU 


njcmw ra«$Mrie lEm/m sumiss cr is^ i@m 
li mmm $mimm im mt^ts mfmAU 



m 


mmm 

tii ttiwKuifNi fp«ilr» «f Alp*! i« 

•MwaiiMi •liBltMi %im 1mm Inmi f«f<wtl9«ft«4 irtti 4tff«rwt 
•f 1U?* im mfm t tiMiNiraiiift wmm* At im mmmttmtHm vi lu?* 
m tfttfvfit Mtlvt l« liltesiaiNi ftil««tlii9 ilt# 

tfmmttf at m ^ laa la i^ila* As tM aawHnitratlaa of im too taaoriag 
tka lattfao i»a fiat a a » m apoamai viftli Ita mlms 

atyatallafraidlfa <11Q> Miaotlaot mpeirl^pMiianl on a tooaii Hat la alM^alaai* 
At hlfflar aooaoatraklow ei m iaparltf • aaiMi of tkt tm taao fa«o 
alaalwra tlM pmmm if ta laitteataA kgr a tn^ai aoaaaaaao. Tlui 

2a 

Oftfeai'MIta ifHiftfiMi iBmrmA ta Aao to m 1«m aalratltatli^r prakabif 
tkt ioo aaA fattlagi oaii^ataA wltk a fltst aotfiikwir mammf ot^ 
a <lll» Atfoattoa, aaotoar* tlw aaWla o a op o aaa t of tlia orfatal fiolA ia 
fioaA to IM pfoMiaat to tko apla^iaRlltoatio, okfoli la pro«MiakI]r Oao 
to tka oator oatakaAroo ikaiil tfco ii** laa, Tfco ama of tfco oatiAofKO* 
aorfoaallaB tko Iki®^ la«i mm foooA to oaliiaiAo witli tka ^atolloitapkla 
aaof taAloaliak Ikat tko ftMonoo of totaloa tfco oottiMOroa of oatora 
io ttai tko OMNI of tka oattdMNfaroa oalaol^ ot^ oryatallopri^pkio aooa. 



m 


C®?1) ftoiltt nf 5Wt«l 

t«it It iHIfi INt^ tta» «f lwr«ltlfi*t<» ft«i ti* 

4m •t aw* tlww irffRtttt l«w Haw Um tmm t* tfc* ttimAm 

m 2 *^ 

tiMHi t« alwit* ffm tmtunt rapatt •# iW af tl» iwi W I* •l«»* 

•«tf tlia w»!«t 449mi^ It III »•« W fc«tt liitfwtitltf ftftltp 

«« tiNi tiftiil «f titaiaiit l«« flt ^ ttwwtw* tf »1« lattifi*. tilt im 
ktf i«at ffimwl t* taNtltat* tt* 1^ t» ft* Initio 

iinitfatf iat t# titt ptaaillt Itwittlat tl • ftWit 
tM» atiptef wapaatt tfc* flf«t *f %t* tW ttatiti ^ 

•Wild !«•» « iiihflllattlW iBWWirilwW «*%• *«4 *• *la«l»a® 

Cffaittlltfai^ir #f tlawt 

6 

Hitt tittfjifrt af «t«it tt* ttwi dWitwaltwl liy llpiwt ®***t^* 

•fti Upm** ^antt tltt# lift *>•» tffftrtutlsti^*^ w itftt tfpt*# 

^ , P fart 1 , 4mmmm iim wmm%im lat. »rtti 

Itt Ian *1 ilw» '• ^ 

ittffttidttt tf tfct oC»rti«i# t €» 

m mA$ tim mmrn i* ^ntmi W 

pavp«ii4tfi«tw «• tit plait 0 ti* atitr tut «»•* m ttai iitftitatfw I* 
utilliddt •lattilf tit itfaftiw* «f t paad ^♦tfpaa i« 

i«tt tf tf M f iMt If CMiat« »ai ttrtat^**® ati t«ri«i iti ttmm » 

A dltw^astf tit ^tttiwt at ^ M« p^lawjiltl fptalal Piimmtm t* 
iHt li flitt if m4 it «l«pt^ III «•* 

If, ‘T i iial. w iif «w laairt ta at®* ti*i ^ «wtaf»l«w It ttidl • 



Tfc» •»lf Itoiiii «ifiBi»tf »f tlilt «f Qim !• Si tfc«# 

•liiit Iwlii tl« ttiiiifglwii mi trlYtliwt estlias am rntmaaiia hf wtAmt 
9 

« i« t« itlitr atwif • mm ^ tetiiidlraa 

•armaaiiif tie iflfilttt tea eetaet^ emettr aiti tie ealte lame ef 
tha aalt eett la pHitaat« ami witlla a tm degrats la tie 

aetalafiraa i^t tit ifttalaai lea la f«alaas Is rat«t«l hf 19,4* afeaat 
tia tkfta fat4 mdt eS tia aalt mll^. tie §1* mtme mtmmlm 
tia •mavalMi fwi aam eleaalf fa ‘^•ataas thsa la Tlw 

araUr aatfsfcairaa asrwaillaf tie saaevalaat lea la 7*tlaB* la 4latafta4 
•laag tia tliaaa HM «!• af tie aalt ealla . Hanafea tie dtiaatima sC 
tia mile miai at tia aatat aetiiMiidiwi surrewaUm tie «amaela» !«• 
taletlfa ta tia aslit mm af tia mtlt eall la p »al 7-»ilaas era mt 
dtiiBaaatf elaarlf la litaratiia. 

tgpaffaiaatal paaeadata 

Via alafta axfataa af asawslai iHailaaii alaa ^ped wltt atfSamat 
feamatfatlaat af l»^ Iw eta gtaaa If slaa atapi^tiaa af aatamtad eala* 
tiaa af mmuAm itmimm aim ta iklal *^4 It adiad as aa Hnairl^. tia 
ai^aYimNiti^ detaiti are Ifiallf dismami la ahtplar II. 

naatf 

9ltrtailt aaatmaaa ita 3^® alaaiiaale aaaflfatatlaa and *S fteaad 
at#a • iaai • ^dwtletllr eiiiaatYle ststa eea aat la affaetad difaatly 
asfftatifaa alaalfla flaldg. It let kanaiat taag laaa kaaaa tfcit a mm 
field i^tlttlii ai atata dam aaaar. n^talllaa fields af ealla 
ifiaiatfy eplit lit *• atata lata a aai t ipaftat* «»*■ • aiiiitia 
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fl«l4 tf ifplifi till* mmltirn 1» tl» *mft 

l«f»lt« i4ll l» Hw flu* <Ai 5 = + 1) 

tlittt till li»* tl» itfWiatfc ^ e»*** «fy*t«in»« fl«W If 

inw t»i» ftfW m^ium ^ ^Mnn u mm 

m tkft tiw flf» tfWMltlfw •#«»» 9t tiwi t«f« ^ «ii«i«i» 

t^ls •! ft m « •«<* flfftwirte l*m • lit# i»t« •** ««irpPi««ti. 

futt Qtfff t •!* u»» *» ’*^i» mmtm 

•M it Hr « •pi».»iii4it«iiiii» ffrtfiitfff «»if 

flat imatifilf* twi «« i««t «ifii»f4 by *fl«9 %*» ••«»ttl« 

12 

mmvmm #•!»•• fiff* • 

mm *>m «•»* “ **• ‘* •* 

ttw «!«•. IM>« ««•> “ •»*»«*■*'•« “• ** •**“ •*“*• ***• ***** 
«.«« »l. •»«»«.. .t *» H-. «• *«- »»"««• •* •‘*‘* “* 

t«« rnm^ mMUm «.!* -a «m«i. «•« *• *«• “ "•*'* 

* nwatfllllf ti*m tfcf «W «» fttWit*** 

St tl* ftwmmm i|««itff ftyit m 

»■ W* •* «!«•««» »•««•«•». «»**• • 

» «• *.r •.*" «« *. »««.-> « «“«*-«• •»—*•*•• 

mm * tmmtm «• m mattmt *r • •* “• 

*r «.« t*. — •* -*-“• 

fltl4 giw« ^ • 

Sttaltt fM «!•«»••*«• 

tit m ttt m mm ttiil* ftfftili 

umm t*»- ««W“ -««»««•- •* 



FIBORf TH^, 


•t«t# of nMhir tit® ii«tl®n «f 
ctmtlltm nagmle Mi |tjrp«rfliit 




FI?EE ION CUBIC FIELD RHOMBIC MAGNETIC HYPERFINE 

SPLITTING FIELD FIELD STRUCTURE 

SPLITTING SPLITTING 


1 ^ 


•Mitlott ewitulMiai | mU tf 6f Crftt«ii«2 mm 

fMwi fvMi MlttttmHi i ael« p«re^ *f lif wilflit* mi 

erfst8ls«S mm 9ft«l liw itlutldfts mmtf So utl* 9I 

•^4 if iiirt#t« iM«Sftfi ®f tfcti« offttBli kit akemi tfctt 

tk« »f amigtiiNW it iifitila t,2 iib 4 3 it 0.<m« 0*8 mi 0.<A ii»i« % 

tVBfiitIvtIf mrnim tioiitf tkat mlf m mm%% trmtim mi tim ln^ltf 
wNM ft tltt ffiliOtt«i fttf li»s tilt tlMi ^sttt* IBm tffftilB kite i^kf 
itvtl^ptS [ill] fiHMW awl mm «l«ar «mI Umi M tf IM^'^ ft 

it iMiHRmt ttii! ttt tlMt kAI^ ft ^twa^ty hmmm mtf • smII 

tttttt tf awfittit tttli ft Ittt tkt tiftltlB* 

t tiiftt lattfBfie twclit hm hmm Stttittf It tryittl*! mi 

it tlMMi It flftrt liwi Iti ttitvt iVLill tlan It ttt ft it 

* 3t 

•tkttfittliMitllf tftlmr n m|| irttt tr fit lA titt. Maat t« atfetiltttiif 

tittot tf tkt if ttt ft ft tApttlti tkit it ttiili it iiA^MBtttf it «i mmm 

iHNifal ttytttl fltlS tiytrk^pwiti if t slifbt tf tfwiwl ttafttHttg tf itft 

t 

im ft tlw Olittftftt tf lit tiAkkiANMi iaffitwlitf tit «ltt tf mmmim * 
lit tiafft iiAftlattt «rt )^«4 if tlM tiittltistlit if it d tit ffB^ sttt 
tf «t tit HI iff# ft tt It oMpHiftttS. fili is adlttei wtatllp if 
lit tf Itfltit IMftttt 'tattmlti m tdft tttt* 'U tilt 

Stftfl it atwrtr It tit wapittit twi titt tit Ittttf It tBilttttd tt t 

•wy®w#l liiiW w* wm tti tlWI ttlKlWwii 

If tit itllwi It fttdt IfM tit tiftttlt twi titt Id) lit Anm itt fttt 
lit pyttttet mmi tttttlltllf tit tf tit Ittd ttftttllitt Mtli 

It filittdi It tit M tftttftt tf wtti i^* Btatfttt tit tltflt tasltt 

%*• 

titt It aAMWffttl fft ffttt tttfifttmrt It «rfttti«l It pnAailf 4 tt tt ttt 



m 


wjmt nun. 


M 9t erjrattl^l with O.OOl mU pBzemA 

eeii^tf«tS«a ©f Hn*^ I©© f© ish^ai ^im slagl© 






i«Mi fiklfAi ft t# tftlMHP «r *1 l«l* »ltii ^ 

lilt l»lt| ^It* mmt9 imm tfet ■» tt*. tpitkiftti it 

IS 

ftttrlM tlm 

3^=»„ p », *, p «, W '*y» *. *« "'V *f * 

12 

tkt tt 1*1^ ^ftf tfct tmmmmm fltW wltti t« mm tf 

st^ ■^11 =m> 

tlw afttfim If tttlffti if •«l«f fti ttt tplfc-Sii^It^i* 

«t«tt«t» «(• 

*= + 1« »i f =Si«® J, 

St vif kt t^ti «kf* t*» igitittsti if ®f* *****^ 

tlw fiftiiMMt ’itf iff tt^gemA i* »!*•• 

A ^aft titt «if«tli^tft4 •• tkt ttsttf* I* ^titti 

It ttytial-t. fit tl^ii tf t%i9 Urn It #«it tSS ««Mf ati tkt f mtm 
It S.©0!^ IWIf tfm »f Iwtti k« kttt lAttnti It i^tll hmliAm 

mp9i wi«i itf tiqr kt ^ it ittt*^*^^. 

It mfttM t tMrtf Hat ittttwti tfftrtepMti •• Ik* k»^ 
ttMtxttt If mMrnA. Wmmm tfct ^Mrtt Itttttlty »kf* fftfi®* *■ 
mwr Itt* tfe* iitpltf i««lttt«i tt wgmmrn ^mmA tktt It ttwtf 

•f tliittr ttfff «** iiii fctf • •!»»«* f ^ 

<W> ^ **«► 

+sA», iiiiit iitiitittilf nm If titti tffuttti^wwt <ttt> 



m 


nGoiiK ni-ttu *w •* •* ■*** **** 

.««.lnU« rf »** “ '■4“ •“ '"**• 

tmiM H «•>•**• ■•»"**' ”*“ *' '** 

<m>4ir«a«. 

«. th. U-. .» «• «" 

.!« +W<r^iS/* . rt.MWrt**'** 

«■».. »ti.4 -e* «. 1 ““ 

m •* .1/* ^.^/t mi tl»« •«'*•* "• 

I, tl» (»« .IGMI. 

«, *m.p«4 .. «« «• «••••' •' “• 

Ik. ki«i «M« i»it .f “• “ •••" '* 





m 


fl* li tm ie iw&l® « 

:s;;f9ir%??2©ii^ • tptit tl«i^ s <tW> 

4tiNi«t.fti. flit pm’Milf miwm if ilia af • 

latili* 4aftg|i filiAtIflai mIiIi f#»« It taif««t«l if tit «•«!«« 
mirMMl mi ttei iiM« 8 ft |i«f«li«t !• tie* <1»> *f ti» 

•If ft it* lit tfttift iatiat m& ti« tm Imi imiacitiMM 

If m aiMti iig| tm wpmmmm ft iit tm Wt^ 

Bwi fffit aataNi^aiti litti « ffri^ mmmirn lai mtmm 

MrMiiaat tiMi fttMHMHf ftf « mmmmf imim mmmwti iff «ii»ip «aiipiwsftl>m« 
It iiaf it fMUti lift It uMili it #ffl^lt It fittttliw tit ftiptfti 
ttttiM ftfttt It tit aie> livt^ifti If m I* ttfttti tt stfefiit^t ii' 

It tit tffftil. flwi It ^fmm llittif litt it^ ittfwifiMt *wf tit 
trtltiiMili liitilfiit ftttt It tt tit 8^ irttt #»l ttt tt tit 'll tltt. 

VMmi tit tifittilt lltK i If tlttf ttt <lll> #ftftliti ••t* atiiH^ t^ 
fiMl • tf ttt I »tt t%mm am tma w^mm i*l«i amm mi mm 
tilii t^s ilti i. itttftf tmrn ttpiltr fittt tPt ttt ©Ittrlf immi 
ft tiMi ifttli«ti ilWMii It ftp** ftiitilf rnmamm mi tlMli>i» It* 

ItltMtilf am fftiMf lip rnmmm tf tit ffttatltsitt mSaU rn^mm tf 
tit i^ttlfti* 1lw«« ift t ftt ttii Umm mmmrnmmA fyrnirnm uliilt 
•f lit wtitiw litw If nwm »a-«W mi mm m memmrn tt taut 
•f tit iwifalitr piartt* »!• aptUfti It iNttfliti if t 
•f tkt tm”'’*******" *• »*•* 





♦ <«/l> ^ %* • fi/&) S(|||. I ^ . J)] 

♦ 0 nm s(# d] 

• " 

♦ \ \ \ 

1i* t*l«tlt» 9i mu ^wm tfet t«it«iA«9 ft«ii 

mmnmm filiMt f«r iIm; ellmtKAi** j; IvAtil*®} iviAsttliaK ^ in 

■••• A /f P j 

«h«r« i If Hhi afpittfe llfli tiif^ tiw ftmtlti®! It ^ It 

I 

liPp lilt fpUPPwPVW « SlPl^PIPR^iQf HiPP 

♦i? . i^*) - 

^ t f •• 
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jtCS^} |i « 

♦ ^{s ^ JI<«^^ - 1^2)2} 

• mtrn^ * i^^l 4^1)] 

•*«r« ■ m 4 •!• tk« •tcdmafe »«# Mielttf' a^fattl* ^mtm wmOmB mi 
p ig *!i*+*il* ®l*>i ^ i^ «f» tfc* rntmiim 

•r tktt «iis«t»ttl mfMtte llaM wltii umim tt x« f wi « mm i#ii« 

•l* *2 *3 **• *^ •‘^ will t» ficMIe eMr«Ii«%* mat i,t i^ n* 

Tfct i^fw toi bMNi tMtfiti If flitlii It t# tfc* iHUMlaw i»Ht m 
•j^tn-toittaiilia i»a«it«»f sit 

iji •§•909 j^0OI •tlj.l# 

Ik* indtieMt »f t sli^t* 39 »IIm ipaamte i0mi§ tiif^ i* • 

9# 

•fl«ittttlfl» «f ilHi mtMt »ii.dMi9nMi liMft m • altii t* «fpN 
ftllifvtfM® tiA9t •«••« Tin pii^ln mm «f tiMi mim oet^airps 
m^^ptahillf oiltiiil lelti tlMt 0i9ii« «•!«» fMt wvMli 

■NMHi tlmt H tlMi imt •! tl« vf taiiiit vt lia sf4« 

la fka m^Jlt al«i it an itfaitfii kI^ tlwi antle mm if tl* «ifiiil» tim 
•idwiltiitita if ■•* Hhi iC|‘*‘ iiti «iiE«t I9wa iili«l4i % • ia91tii9« 
m itirtf i» if tii mmmm, mm iiitixtfiis tr tit mmtimrnm ^ 

I®* ^al f fc# %lf «i li ilawi l*«ft kwa la i^ptaw III aai It* 



Tfc* Uaititlloai ^iomi I« ftfaf* fH-in art tsit9a«« fmm tli* 

1 & 

«f t!i« fertstlDi «f «niUlpl«W mmrndmf tfcst k it 

««« tlw , li lit •{itiifMii ilMiti It Flftr® lfll.111 ti» imtmtttf tf til tiit 
hyiitrfliMi Iliftg It « flMi ttfiiftttrt is ttt iN^tl tlwMi# 

all tilt lifptffliit ItiMff nr# txpttttd t® kmt tfct sat® latttflty. tilt 

ij Sf» ^ ^ 

#f latttfftf iHMiialf felt Itea la It i WCl tat Cr t ^ 

rtaiHii ftt tuft la att iMltt eltit, 

ft pittfliit# ftwttlot tf maagamm msmnim •tlpii»itt It efffttlf-3 

It tastti If tatfiMirlitl tlif mla-initltoalaa ««ai*tattt it tfct pfmrnm. 

§tn4f wttk tlittt mpattpA If Sltswif stS tar mmgamm 

•ttlfhttt* Tfet ftatfal ftitiirtt tf tit •*! tit tplt^atllttalsi 

tttataata tf tit prtittt rflfftr frtt tiat tf »wf««t*t KraJOiliw t’ll* 
fifcttt iftptttti If Slttttf lifjrw, tit* ftrtfctr ttffpttf tirt 

tot fttt taHttltatltiittf at tltt tatltr %km tltt. 

At tit ItaiMnritaft It rtlti^ ffta fwt tl« itwt* t»i 

tf t«? tttftttittft fW* tt ♦ 100*e tl® Ittttatltf tf trtIttItBMe fpttttap 
laeftitti# illlt tkat tf tfet krairtl lltt ittfttttt* l^t tlattlatfat tf 
fttet|>ltntt4 l«»» »*tl latrtatiai ttiflt tt«i»tf«t«ft mw ki rttpeatlklt 
ft* tkt tkttrffi latfttwi t» Itttttltr tf tkt trtktiktiWc tattlftt «Hfc 
tkt latfttt® tf timifrtttft. It I* «^««tta tkat tktrt »lsfct k# mm 
•f tkt tffitil fitli pmmmma uttk ttaptfitatt m tkwrttft tatlltr la 
Cf*^ la tliaMi*®. VmmM Itttatt tf tkt It® latasaltf tf tkt wpmttm 

tkttlati , ftftitaliflf irttfe «»»« *• ***• '''^*^** 

tfitift ttfitf® It »«• mmrntt tt tiw tit t tfatiattlt att# 

tarlatl^a tf tfftltl ««•»« trnpmmma. tfct 

trfttal atlift* 



tiftnwewi 
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I« ?• SWHNi ftm tiit htm m 21it ftovasbcr* lfi4 at l«litliailpira«« 
Aitfbra Pira4«ili» Ha teal tdls aaifMrfraiiiita «ia«atlaa «t II. $• ®, e*lle9*» 
SkiiiatraraH, and aMalMi Btdlalar Selaaaa iiiaat fcaa iMdOnra Oalwraltf 
t« l%3. Re alitalMMi lita Haatar af Sat«Ma ^naaa la ttaelaar pigraivi 
ftan Aadfcft Qaltariftf la 1%$. 9a Jafaa# tl» fpraiiata lar^tawa af tfca 
Raparlaaat af rlqraiaa, Xadlaa lastlta*a ^ Yaaaaalagjr* la !%!• 

Ha lialda a laatar taaaefii) rallaiaili^ tba Caaaafl af Salaatffta mi 
ladastvlat 8afaRraa« IMIa. 
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